
June 1916, 


0HEHIC\L ‘SKflfKS, 


Voi. IV, No. 7. 


MEMOIRS OF THE 
DEPARTMENT OF AGRICULTURE 
IN INDIA 

STUDIES IN THE CHEMISTRY AND PHYSIO- 
LOGY OF THE LEAVES OF THE BETEL- 
VINE {PIPER BETLE) AND OF THE 
COMMERCIAL BLEACHING OF 
BETEL-VINE LEAVES 

PART II 


HAROLD H. MANN, D.Sc 
Agriaihuml Chemist to the Gorernmerit of Bombay 


V. Q. PATWARDHAN, B.Ag 


AGRICULTURAL RESEARCH INSTITUTE, PUSA 

PAISrjCU AND PUBL18HKU FOR 

77/A' IMFKHIAL DEPARTMENT OF AGRICULTURE IN INDIA 

BY 

THACKER, SPINK k CO„ CALCUTTA 
W. THACKER k CO.. 2. Chrkd Lank, LONDON 



Agents for the Sale of Government Puhlicntioivs. 


IN THE UNITED KINQDOIW. 


Constable & Co., 10 Orange Street, Leicester 
Square, London, W.G. 

Kegan Paul, Trench Triibner & Go., 68-74, 
Carter Lane. £.0 , and 25 , Museum Street, 
London, W.C. 

Bernard Quaritcb, 11, Grafton Street, New 
Bond Street, London, W. 

P. S. King & Son, 2 and 4, Great Smith Street, 
Westminster, London, S.W. 

H. S. King ft Co., 65, Cornhill, and 9, Pall 
Mall, London. 

Orindlay ft Go., 54, Parliament Street, 
London, S,W, 


T. Fisher Unwin, Ld., 1, Adelphi Terrace, 
London, W.C. 

W. Thacker ft Co., 2, Creed Uno, London, 
E.C. 

Luxac ft Co., 46, Great Russell Street, 
London, W.C. 

B. H. Blackwell, 50 and 51, Broad Street, 
Oxford. 

Deighton, Bell ft Co., Ld., Cambridge. 

Oliver ft Boyd, Tweeddale Court, Edin- 
burgh. 

B. Ponsonby Ld., 116, Grafton Street. 
Dublin. 


ON THE CONTINENT. 

Ernest Leiotix, ffl. Rue Bonaparte, Paris. | Martinna Nijliolf, The Hacue, Hollami. 

IN INDIA AND CBYLON. 


Thacker, Spink & Co., Calcutta and 
Simla. 

W. Newman ft Co., Calcutta. 

R. Cambray ft Co., Calcutta. 

S, K. Laliiri ft Co., Calcutta. 

B. Baunerjee ft Co., Calcutta. 

The Calcutta School Book and Useful Litera- 
ture Society, 309, Bow Bazar Street, 
Calcutta, and 226, Nawabpur, Dacca. 

Butterworth ft Co- (India), Limited, Calcutta. 

The Weldon Library, 18-5, Ghowringhee 
Road, Calcutta, and 226, Nawabpur, Dacca. 

Rai M. C. Sircar Bahadur and Sons. 75-1-1, 
Harriaon Road, Calcutta, 

Higginbothams Ld., Madras. 

V. Kalyanaiuma Iyer ft Go., Madras, 

A. Nateean ft Co., Madras. 

S. Murthy ft Co., Madras. 

Thompson ft Co., Madras. 

Temple ft Go., Madras. 


Corubi'idge ft Co., Madj-as, 

P- H. Rama Iyer ft Co,, Madias. 

Thacker ft Co , Ld,, Bombay. 

A, J, Combridge ft Co-, Bombay. 

D, B. Taraporevala, Sons ft Co,, Bombay. 
Radhabai Atmaram Sagoon, Bombay, 

Smidor Pandurang, Bombay. 

Gopal Narayan ft Co., Bombay. 

Ramchandra Govind ft Son, Kalbadevi, 
Bombay. 

N. B-Mathur, Superintendent, Nazir Kanun-i- 
Hind Press, Allahabad. 

A. Chand ft Co., Lahore, Punjab. 

Rai Sahib M. Gulab Singh ft Sons, Mu6d>i- 
Am Press, Lahore and Calcutta. 
Superintendent, American Baptist Missiofi 
Press, Rangoon. 

S, C. Talukdar, Proprietor, Students and 
Company, Cooch Behar. 

1 A. M. ft J. Ferguson, Colombo, Ceylon. 



STUDIES IN THE CHEMISTRY AND PHYSIOLOGY 
OF THE LEAVES OF THE BETEL-VINE {PIPER 
BETLE) AND OF THE COMMERCIAL 
BLEACHING OF BETEL- 
VINE LEAVES, - 


TART II, 

BY 

HAROLD ir. HANN, D.8(\, 

Aifripulfura] ChemiA io the (joveiuh/EPf of Boynhot/, 
AND 

V. CL PATWARDHAN. B Ac. 


INTRODUCTION. 

In July 1913 we published in the present series of Memoirs^ an account 
of investigations which we liad made into certain questions concerned witli 
the growth and utilization of the betel-vine leaf which, as is well known, forms 
probably the most important garden crop (t India and is also one i f the most 
intensive cultures of the country. We tlien discussed three questions, nanielv, 
(1) the occurrence of nitrates in betel-vine leaves and their relationship to the 
growth of the> vine. (2) the sugars, start h. tauiun. essential oil. and other m nnal 
constituents of the betel-\tue leaf, and their relationship to the growth of the 
vine, and (3) the commercial bleaching of the betel- vine leaf, and the chemical 
changes bynyhich it is accompanied. We have since carried our investigation, s 
on these questions considerably fuithcr and have moreover had the opportiinitv 
to examine in more detail than has hitherto been done, tlie nature of 'the 
essential oil, which, from the point of view of the commercial value of the 
leaf, appears to be the most important constituent of the product. Tlic 
follo\^ing is an account of the principal results obtained in these directions. 

’ Mepwirs of ihe Dept. Af/rir. India, Ohem. Series, vo!. Ill, no. 2 (11)13). 
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CHEMISTRY AND PHYSIOLOGY OF BETFX-VINE LEAVES 


1 . 

The Normal Constituents of the Betel-Vine Leaf and their 
Relationship to the Growth of the Vine. 

The question whicii led to our study of tlie vKiiatioii of the normal con- 
stituents of betel -nne leaves at different periods (>f their growth, and at 
various times in the day was really that of asceitaining the cause of the itse 
of the leaf for (diewing purposes. As we noted in our former memoir, no 
appreciable ([uantity of an alkaloid and no active glue o side seem to be present 
in the leaf. To what extent therefore the quantity (d the i ther constituents 
differs at various times in the life of the plant, and what relationship each of 
them bears to the value of the leaf wa s the problem before us. In continuation 
of our former w'ork the following normal constituents have been investigated 
(1) the tannin, (2) th(^ sugars. (3) the starch,' (4) the ether extract. (5) the essen- 
tial oil, (6) the acidity, (7) the diastatic activity. (8) the nitrates. The results 
obtained and previously published^ indicated that the leaves near the top of 
the plants contain much more essential oil,- much more diastase, and much 
more sugars than tlu.se which are lower on the vine. The tannin did not 
vary in this direction ; the leaves of full age in the middle cf the vine, neither 
in the young and actively growing part nor in the older leaves near the base 
of the plants, contained the largest quantity ( f this c( nstituent. Fuither, 
the constituent which seemed to vary most closely with the market value (if 
the leaves "was the essential oil. The present i)aper carries these results 
considerably further. 

The methods of estimation of these constituents were those employed 
and described in our previous paper.’^ 

We will first consider the variatiim (>f the constituents at different parts 
of the day in the leaves taken from a lUjrniHl vine, from which the leaves 
were being plucked for sale. The samples were taken a few days indeed 
before the annual operation of taking down the vine, (idling it up and burying 
it, and allowing it to send out the new shmds. which gradually grow and yield 
the vines of the succeeding year. This time represents the leaves slightly 
latef than at their best from a commercial point of view. 

* Loc. cii. 

* It was erroneously concluded in our previous memoir that the results obtained were 
connected with the age of the leaves ; our later results indicate clearly that it is the position 
on the plant and hence possibly the relation to light that deteniiini\H the proportions of these 
constituents. 

* //oc. cit. 
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Under these circutm5tances leaves were taken from adjacent vines in the 
same garden. The leaves were quite mature, fully developed, rather dark 
in colour, slightly brittle, and Avith their tips slightly dried. Thev had been 
on the vine a little longer than is wise to give absolutely the ‘best results on 
bleaching, but still they M^ere quite sound and satisfactoj v {(.r this purpose. 
Samples were taken on three successive days, taking three samples everv 
day —the first in the morning betweem 7 and 8 a.m., the second in the 
aftermxni between 1 and 1 ‘30 p.m.. and the third in the evening between 
fi and 7 p.m. 

The results obtained in this series, in Anew of the fact that leaves f(‘r sale 
are generally plucked chiefly in the morning, are A^ery interesting, and are 
showrn in the following table. Ail figures are calculated as percentages ( i the 
dry matter (>f the leaves, except the acidity, and the diastatic activitv. 
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Morniiifi leaves 


... (I-GS 

2-65 

3-33 

0(i2 

: 0 ni 

; 13 4 

1-23 : 

I'TT , 

S'50 

4-70 

Midday leaves 


... ()‘90 

2 39 

3-29 

0-87 

MS 

i 12‘1 

1 35 

1‘.52 

S'oO 

lOJU 

Evening leaves 


.. 1**35 

2 

3 91 

1 2(1 

M8 1 

1 127 ■ 

1 W 

1 36 

9 00 

.5 ‘60 

Stroud day. 












Morning leaves 


... 0-71 

272 

.‘173 

0 7<i 

Ml i 



1'89 ; 

8 •.50 

I 4-22 

Midday leaves 


.. 0 81 

270 

3 '31 

O' 67 

1-JO 



I'TO 

9-00 

1 9'4S 

Eveidng leaves 


... 1‘20 

2 67 

3-87 ; 

1 10 

1-.33 



i'65 ; 

9 50 

' 7*00 

Third day. 












Morning leaves 


.. 076 

2-57 

.3 33 ' 

0 80 

1'09 



177 : 

^ 8'UO 

6'54 

Midday leaves 


. (l*6-2 

2 ’29 

2-91 ; 

0‘S3 

1-18 



TOO 

8-90 

9‘4‘2 

Evening leaves 


... 1-27 

2-18 

3-45 ; 

1-24 

1*31 



M3 

9 40 

6*21 


* Cubic ecutimetn'si of N/10 Caustic Potash rcquiml to noutialisf tvn gramiMcs of drv 

loaf. 

f Maltose prcniucc'd by ten grainines of dry leaves in 4S hours. 
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The average of the three days records gives figures as follows : — 
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oy 

% % 

O/ O' 0/1 

/U i /O /O ! 

% % 

ce. 

grnu 

Morning leaves 

0-72 

2-65 3-36 

0-71 ; 1*04 ' 13*4* 

1*23*; 1-81 

8-33 

5-1 

Midday leaves 

0-78 

2*39 3-17 

0 79 i 1 10 12-1* 

1*35* 1^1 

8*80 

9*7 

Evening leaves 

1*27 

2 47 3-71 

M8 , r27 127* 

1-69* 1‘4S 

9-30 

6’5 


* One determination only. 


So far, therefore, as leaves in good condition for eating are con- 
cerned, the following restdts \\dth regard to those constituents would 
seem to hold. 

The reducing sugai-s and the starch are their lowest in the nionung while 
the non-reducing sugars (presumably chiefly cane sugar) are y^vy constant 
throughout the day. The change during the day follows somewhat the lines 
which have been shown to hold with ( ther plants.’ These are interesting, 
however, as under the conditions of growth of these leaves the sunshine rarely 
if ever reaches them. The tannin increases in amount during the day, and 
hence the leaves in the evening are slightly more astringent than in the morning. 
The variation in the amount of essential oil seems to be somew^hat irregular, 
but from these figures it rises at first, and then declines tow^ard the evening. 
The nitrates consistently decline in amount during the light hours of the day, 
while the acidity consistently increases. The diastatic activity varies 
curiously. It increases towards the middle of the day in each case, and 
then declines again towards evening— in one ease going below the amount 
found iii the early moniing. 

^ Brown and Morris [Jcurna/ Chem. Vol. C3 (1803), page 660], givp following 

fificrcB for Tropffiolnm, the days being bright and sunny. 

Ut day. 2nd day. 



5a.h. 

5 e.M. 

9 A.ftf. 

5 p.if. 

Starch 

... 1*23 % 

4*69 % 

3*24 % 

4*22 % 

Non-reducing .sugars 

... 4-65 % 

3-86 % 

4*91 % 

8*(i2 % 

{deducing .sugai-s 

. . 5*14 % 

5*72 % 

6*80 % 

5*19 % 
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If the fact that the leaves are chiefly gathcre<l iii the iiu>nui»g is anytliiiig 
juore than a matter of coiiveruence, then one would, consider that what was 
required for eating was a leaf with little starch, tannin, jiitrates and. acidity, 
^but as .much essential oil and cane sugar as possible. This is undoubtedly 
true as regaixls the essential oil ; with regard to the other constituents tlie 
matter must renrain in doubt. 

So far w'c have d.ealt with leaves from similar adjacent vines at dilTerent 
times of the day. We liave noAv to turn to a long scries of similar detennina- 
tious at various stages in the growth of similar and atijacent vines. The vines, 
as we have already described, are all pulled down at a ccitain seasoji of the 
year — generally tw^o months before the commencemeiit of the raiixy season -- 
and the stems coiled a)id buried. From tliese the luwv A ines arise and form 
the yielding plants for the following year. The experiments were made Avith 
leaves derived from such umv \ ines vigorously growing from the stage Avheii 
they had reached five to six feet high. In taking thesn the loAver three feet 
of tjio vine w^as ahvays left untouched, as the leaves from this part are larcly 
plucked for use. 

Between the third and tiie fifth fo()t in height of the viiio. there were 
usually six to eight branches. an.d oil every branch there Averc at least four 
leaves. Of these the two nearest the main vine are always small in size, and 
generally more or less misshapen in appearance. They are iicA'cr used for 
bleaching and so iti all that follows Ave haAc kept these separately from the 
next tw'o. These tw'o othoi-s Avere. of course, younger leaves but all that Aveie 
taken were sufficiently mature for use. L\ the last set a third lot (T tAvo leaAU‘s 
w^’as fit for \isc and Avas taken. In tiie present series, however. Ave are in every 
case dealijig with .still growing leaves, while in tln^se consider'd above tliey 
are slightly over-mature. 

In all five sets of samples were taken fr(jm vines adjacent to one another 
in the same gardens, of the same age and exmditions id growth. Tliey were 
taken on dates as follows : 

1st set ... July *28, 1913. 

*2nd „ ... July 1913. 

3i'd „ ... August U, 1913. 

. . 1th „ ... September 5, 1913. 

5th ,, ... September 25, 1913. 
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OrtKMlSTRY AND fllYSlOLOGV OB' BETEiL-VIJjE LEAVES 


On one day (September oth) leaves were taken from the main vine at the 
same level as these branches to compare with the above. 

The following results were obtained, considering the constituents in 
order : 

1. Moisture. 


Moininj; 

7 - 8 A.M. 

Noon i 

Evening: 

5-6 r.M. 

— ' 





% 

% 

% 

A. Leaves (two) nearest the main vine. 


l^'t set 

83-5 

■ 

8i-5 

850 

2nd „ 

St-0 

83-0 

80-5 

.Si'd ,, 

SIM) 

Sl-O 

85 4 

4th „ 

83 (1 

82-5 

83 0 

5th „ 

S-2 0 

82-5 

83-0 

Vi. Leaves (twij) fny (her from the vine. 


l}it set 

8o0 

1 8i-5 

86 5 

2ik1 ,, 

S55 

’ 89 0 

86 0 

:h d „ 

S,r5 

86-0 

85 '5 

4tli ,, 

85-0 

S6‘U 

86-0 

.5t.h 

86-{) 

87-3 

87-0 

C, Leaves ( two) Jdvihest from the vine. 


5th set 

So’") 

86-5 

84'5 

1). Leaves f rom the main vine‘ 


4th set 

S i .5 

1 

860 


These figures were all obtained in the rainy season, and are wonderfully 
cojistant. On the whole, curiously, the amount of water in the leaves is 
smallest in the inornuig, and it also tends to become greater in the later 
sets of leaves. But the moisture is, nevertheless, very constant indeed. 
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2, Sugars. 
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/o 

,0 

iO 



A. Lmves ( two 

nearest the main 

rine. 




Ist set 

1'61 

0 24 

1'85 

1-80 

U-20 

2 00 

2 50 

0*50 

3f0 

■2iid 

1‘47 

0-53 

2*00 

1*76 

0 74 

*2 1) 

1*9*> 

1*00 

1 392 


1*75 

056 

231 

1 37 

0 8*2 

2 19 

1 39 

0 87 

1 2-!»6 

hh 

1 47 

0-48 

1*95 

M7 

019 

1-66 

1 35 

0*39 

1 1*74 

5th „ 


014 

1-47 

0*95 

0*27 

1 ‘22 

1 33 

0*40 

' 1-73 


n. 

LaarftK 

( two) /u 

rVier from the main rine. 




lyt set 

0-72 

0 28 

1 05 

1*43 

0'66 

■:()9 

1*59 

0*64 

2 '2^1 

2nd ,, 

1*35 

(110 

1*75 

1**28 

0 72 

2 DO 

1 07 

■' 


8rd „ 

l-.s.l 

0 59 

2 1*2 

1“23 

0S2 

■2*a5 

1*60 

0*81 

2'44 

4th 

1-43 

0'32 

1-75 

1*61 

0*65 

2*26 

1*40 

0*92 

23*2 

5th ,, 

l-flO 

0'14 

1*14 

1-30 

0 19 

1*49 

1 13 

0*30 

1*43 



C. f^ea 

'US ( two / fnriliest from Vie 

cine. 




.ith set 

0 83 1 

017 

1*'20 

1 33 

0-33 

1*06 

0*80 

0*11 

0*91 



1). 

Leo res from the hinin rine. 




1th set 

‘■’7 

Ol'^ 1 

1 'S.) 

1*23 i 

0*4*2 

1*65 

1*22 

0*92 

2 14 


The results obtained from leaves at tl.ill’ercnt parts (d the day aie interest- 
ing te compare rvith those previously given. So far as sets A and B are 
concerned, which are the only ones used for eating as a nde. the reducing sugars 
increase from morjiing to night, the nomrodueiug s\igars do likewise, but in 
)uuch greater proportion and taking an average of the ten sets of determina- 
tions wo have the folloudng : - 



deducing sugars 

Non-reducing sugars 

Total sugars 


0-' 

o 



• w 

i 

,0 

Morning 

1*37 

i 0 37 

1*74 

Noon 

1 39 

' 0 '55 

1*91 

Evening 

1*5^1 

1 0 65'^ 

2*34* 


* Average of nine determinations only. 
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UUKMISTRY AND PHYStOLOUY OF BtHEL-VlNFl LEAVfiS 


The older leaves on the main vine- -which we have previously found 
abnormal in other respects—and the younger leaves at the end of the branch 
do not seem to follow the same mle, but the results given are from one set cf 
determinations only, and we should hardly care to place too much reliance 
upon them. 

During the ripening of the leaves which has more importance for our 
present point of view- the amount of sugars, both reducing and ircii-reducing, 
seem to rise to a maximum and then decline. Taking the average of the 
morning, noon, and evening determinations wc have figures as follows. We 
liave added an average figure fer the first two sets, as they were only, 
separated by two days. 

* sugars Non reiluciug sugars Total sugais 


I % i % 

A. Leavfiii (two) iiearexi ihe vine. 


1st. >>ct 

l'8() 

|l-76 


2-18 

•ind 

1-72 

0 76 f 1 

J'8l 

Hrd ... 

1‘50 


0-5 1 

‘2-2.J 

4Ui „ 

v:« 


0-45 1 

1*78 

Otli 

1-JO 

B. 

; 0 2? I 

Leaves ( two) further from the rin«. 

1 47 

1st set j 

1-25' 



1-79 

2ik1 1 

1 2;i 

1*87 

„ . . ! 

1-45 


O-.'i 

2 20 

4th „ ... j 

1 4H 


003 

2 11 

."ith ,, ... 1 

j 1-14 


UJl 

135 


The maximum occurs in the older leaves before it takes place in those 
further along the branches. 

3. Starch. 'Fhe determinations of starch were as follows : - 


Morning 


Noon 


Evening 


A. Leaves ( two ) nearest the luatn vine- 


1st set 

2iid ,, 



147 

1*42 

:h d ,, 

i:n 

1-4U I 

2-13 

■I’h .. ! 

1 90 

1-59 ! 

J-OL* 

5th „ ... 

1-57 

1-47 t 

1*59 


B. Leaves ( two J farther from the 


1st set 

2nd „ 

iljl-iS 

1 1*41 

1-30 r 

1*6.) 

1-32 

:h d „ 

1*56 

1-58 

2 00 

4th ,, 

1-59 

•2 04 i 

317 

5th ,, 

154 

1-84 i 

216 


G. Learn (two) furthest from the main vine. 


5th sit ... i 

1-45 

i-so 1 

2*08 


D. Leaves on the main vine- 


4lh set ... 

I'OO 

2*28 

2*08 


1-44 


1-49 
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The results in this case seenr very clear. The starch iiiercase.s c(»ii- 
sisteutly toward. evening, as would be expected. The increase i.s not nearly 
so great as has been found in many cases in plants growing in the sun during 
the greater part of the day. In such cases Brown and ^Jonis* found with 
Tropwolum that the starch increased from ]’23 to 4‘5f) per cent., and from 
5*22 to 4*22 per cent, on two different days for the day as a whole. On the 
average wo have increase as follows ; - 

Leaves (two) nearest Leaves (two) fui ther 

the vine D’ora the vine 


(>/ 


Morning 

1-40 

1-45 

Nooti 

1'46 

1-66 

Evening 

V72 

206 


The starch in these leaves too tends to increase as the leaves get older, 
but again this probably wr)rks up to a limit, and then tends to decline again. 
The figures tJiough not entirely clear, seem to indicate this, and the small 
quantity of starch in the much more mature lea\'e.s referred to on pages 285 
and 4 would seem to justify this contention. If so, taken with the fact 
that for eating purposes, starch -containing leaves seem objectionable, it 
would seem one of the factors which prevent young leaves being used for 
eating as a rule if others are obtainable. 


4. Tannin. The figures for tannin are as follows 



Morning 

Noon 

j Evening 


IV 

tv 

O' 


1 .() 

.0 

,L> 


A. Leaceit (ticoj nearest the 7naiu vine. 

Ist set 

1-17 

1-31 

1'30 

2nd ,, 

0-iil 

1 04 

IMl 

Srd ,, 

1-44 

M7 

1-47 

4th „ 

1'06 

2-u6 

2':4,) 

5th „ ... 

Po6 

1-43 

1 i*:n 


B Leaves f iivo J fni'thev from the main 

vine. 

Ist set 

P67 

1-43 

1-44 

2nd „ ... 

1 1-31 

M7 

1-21 

3id „ ... 

i' 1-62 1 

1-56 i 

1-70 

4th 

! 1'82 

1*69 I 

2-OS 

5th „ ... 

1 1-95 1 

1 l‘o7 ' 

1-41 


C. Leaveii ( two) Jarihesi from the main vine- 


5th set ... 

2*98 

1-S2 ■ 

1*56 



D, Leaves on the main vine. 


1 


h 


4tli set ... 

2*72 

1 . j 

2*21 


I Journal Chenh fiodeiy^ Vol- 63 (IS!):)}, pige 660. 
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Thus the variatious in the amount of tanuiu duriiig the day, and during 
the growth seem very great, and it is not at all easy to draw general con- 
clusions. On the whole it is not clear that there is any variation in these 
actively growing leaves which is directly attributable to the period of the 
day, either in the leaves nearest the maii\ vine (ir in those further away. 
The average of the figures above are as follows : — 



Leaves (two) nearest 
the vine 

Leaves (two) further 
from the vine 

1 

1 

% 

^41 

Moruilig . . . . . . . . ' 

1-41 

1-67 . 

Noon 

1-40 

1-48 

Evoniii;^ 

1-4S 

1-57 


In the youngest leaves there seems a slight reduction in the evening but 
that seems the onlv conclusion w'e can make. 


Til ere does not. moreover, seem to be any decided tendency to increase 
in the amount of tannin in leaves occupying similar positions in the vine 
as the young leaves get older ; if anything there are signs id a rise as the leaves 
mature followed bv a decline. 



Leaves (two) nearest 

Leaves (two) further 


the vine 

from the vine 

1st set 

/O 

1'26 ] 

1-51 1 


il.VS 

1 1-37 

2nd .. 

.. .. o-'jy J 

1-23 J 

3r.| 

. . 

l’(i3 

4th „ 

2*12 

1-80 

5th „ 

: 1-43 ! 

1 l'G5 

These figures rather tend to confirm the previous conclusion that as the 

leaves get more 

suitable for eating the amount of tannin tends to decline 

a little. The difference is not, however, very great. 



5. Ether extract and Essential oil. Although the total ether extract has 
really no special meaning, being a miscellaneous collection of inaterials 
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extracted from the leaf, we report the %ures with the very iuiportai>t 
deteniiinatieii of the essential oil : - 



MoHNixa 

—8 A.M. 

Noo.n 

Ev>:mn'o 5 — 5 p.m. 


Ether 

Es.se ntial 

Ether 

Essential 

Ether 



oxtraet 

oil 

extract 

oil 

extract 

oil 


0/ 

0' 

a 






0 


-0 

0 

r> 


A. L^/ivas [im] nwnM the uiain vine. 



1st set . . 

()-2 

0-7 i 

4 0 

O’U 

0-8 

0'7 

2nd „ . . 

8'ti 

1-4 1 

OG 

L4 


L2 

3nl „ 

7-3 i 

2-0 1 

7-2 

1-4 

7'o 

19 

4th „ . . 

7-3 

Iff 1 

7-9 

•>..) 

8-5 

]'5 

i5th „ 

s*4 ; 

3 '7 

8-5 

2o 

8-8 

2-9 


E. L/cave 

■ [two] further from, the main vine. 



ist .set . . 

O'O 

u-o 

(j-U 

U-6 

0-9 

07 

2nd „ . . 

<>■4 

1-0 

5.5 

1-5 i 

(3-4 ; 

1-8 

3rd ,, . . 

Cr3 

1-5 

0-4 

2-U 


2-3 

4th „ .. 

0'4 

2-5 

7-;3 

2-4 

C’S 

2*3 

5th „ . . 

8-3 

4-,3 

8-8 

2’7 

8-9 1 

4-9 


V. Lmvtfi [iwo) Jto'die'il from (he nniin vine. 



5th set . . 

, . 1 tj-n 

i i 

1-4 j 

0'4 i 

!■« , 

o’8 

2*0 


D. 

Leaves from 

the main 

vine. 



4th set . . 

.. j 0-7 

1-ti 

5-8 


7 '4 

2*0 


Wc shall not further consider the total etlier extract, but the. essential 
oil presents some intere.stin^ problems. 


(a) Variation of fMsentifd oil darintj the ila\f. 



Lvave.s nearest 

Leaves further Leaves furthest 

Lea VI'S (in 


vine 

from vine from vine 

main \ im‘ 



font’ .set only) 

(one set onlyj 



' 0 ”(> 


Morning 

1-9 j 

21 1-4 

1*5 

Noon 

1-5 ! 

1*8 1*5 

1-9 

Evening 

15 1 

2-4 2*0 

2-0 


The variation appears irregular and not clearly a direct conse<juence of 
the time of day. 

(b) VariaUon of essenlid oil of nimihr leave.s' during dci'elopmcnl. 

Leaves nearest Leaves further 


vine from vine 

O' O' 

o 0 


1st and 2nd sets (average) 

1*0 

1*1 

3rd set 

1*8 

1*9 

4th ,, 

1*9 

2 ’4 

5th „ 

30 

4*0 


29*2 


ohkmlstry and physiolociy ok betel-vine leaves 


The a mount of essential oil increases in both sets, to a very considerable 
extent. The increase is net a function of the maturity alone, or else those 
nearest the vine would tend to contain the most, but the position on the 
branch is effective to some extent. It must not be forgotten that the 
leaves nearest the vine are not preferred for eating and not used at all for 
bleaching. 


(c) Variuiion of oil due to position on vine. 


LoavCvS ncaix'fst Leavi“.s further Leaves furthesit Lc^aves on main 
vine from vine fnun vine vine 


4th set . . ■ ■ 1 

5th .. .. .. 


The youngest leaves, hence, at the same time appear to be poorer in 
essential .oil than the others. The coitstituent (piickly increases, however, 
and a maximnm would appear to be reached beyond which it declines. At 
least this is true unless the first two leaves on the branch are to be considered 
as quite abnormal. 

6. Nitrates. The figures given are calculated as Potassium Nitrate in 
the dry matter. 



^lorning 7 — 8 a.m. 

Not in 

Evening o~ 


Leaves [tu'o) nearest 

the main vine. 






Dt .set 

..1 1-4 

1-5 

2^6 

tind „ 

..1 1-5 

1-7 

1*3 

3rd 

. , 1 o-[>* 

1-2 

1*4 

4th „ 

..1 M 

1’4 

1*4 

oth „ 

.. i 1-1 

2*5 

1*4 


11 Leaves {two) further from the 7nain vine. 

1st set 

1-4 

•1 -4 

2*6 

2nd „ 

1-5 

1*9 

1*6 

3rd „ 

1-1 

1-5 

1-8 

4th ,, 

1-3 

1*5 

. 1*4 

5th „ 

1-6 

3*4 

1*7 


C. Leaves (two) furthest from the main vine. 

5th set 

1*6 

i 

2-1 

1*9 


D. Leaves from the 

main vine. 


4th set 

.. ..| 1.3 

1*3 f 

0*9 


* This figure (ieoms abnormal, and lias been excluded from the averages, . . 


O /O o 

2.4 .. 1-8 

441 1-7 
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T^t U8 consider the variation of this very interesting constituent during 
he day, during development, and as due to the position of the leaf on the vine. 


(a) Variation of nitmtes during the datf. 



Ll-rvos nearest 

1 Le.ive.s further Leaves furthest 

L<‘a\ c*s on main 


vine 

1 from vine 

from vine 

vine 




[ (One set nnlv) 

(One st't only) 



0 

0 

Morning . . . , j 


i4 

lo 

|4 

Noon 

17 

1-8 1 

1 2-1 

]•:! 

Evening . , 

I’ti 

PS ! 

in 

0-0 


The amount of nitrates, except in the leaves on the main vine, seems 
to increase to a maximum in the da}\ and to remain ^about at this maximum 
till evening. The third set is an exception, and in both cases ii^ this set the 
amount increases towards evening. 


(b) Varuition of Y(itrate-< in .similar leare^' during development. 



Leaves nearest 

Tyf-aves further 


vine 

from vino 


O’ 

O' 


■ O 

/o^ 

1st and 2n(l .sets (average) . . 

1-7 

2-b 

3rd set 

1-3 

1-n 

4th „ 

1-3 

1-4 

5th „ 

1-7 

1-9 


. It seems quite clear from this that the variation in the amount cf nitrates 
is not due to the stage of development, but either to the daily A^ariation in 
the mechanism of absorption or to some other casual and local factor which 
our experiments do not reveal. 


(c) Variation of nitrate.^ due to ])osifion on vine. 


• -- 

i 

i 

LeAves nearestj 
vine 

1 

L'*a\'es fui'lher 
from vine 

Lr‘ave.s furthest Leaves <m main 
from vine vine 

: o ^ o 

4th set 


1*3 j 

1*4 

.. 1*2 

5th 


1*7 

1*0 

1 “S 


The position of the leaves on the branch seems to have very little effect 
on the quantity of the nitrate at any time. This is in accordance with our 
previous conclusions (see previous Memoir loc. oil, page 20). 
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7. Acidity. The figures are reported as cubic centimeters of decinormal 
caustic potash recoil ired to neutralise the solution from 100 grammes of dry 
leaves. 



j Morning 7—8 .a..m. 

Noon 

Evening 5—6 p.n. 


Leaves (two) nearest the main vine. 




?0 

% 

1st set . . 

. . ; 9o-8 

109-1 

86-0 

2nd „ 

90-4 

94-0 

118-6 

3rd ,, 

108-4 

71-6 

99-5 

4th ., .. 

126-.'> ! 

70-3 

72-3 

oth „ 

.. ; 126-8 i 

70-3 

70-U 


B. Leaves (two) farther fi 

ran the ‘main 

vine. 

.. 

129‘4 , 

132-i5 

115-6 

2nd 

114-6 i 

96-6 

116-2 

3rd „ 

123-9 ! 

110-4 

150-0 

4th „ . . 

145-8 1 

93-0 

120-9 

."Jth „ 

123-2 

75-8 

82-7 


C. Leaves [fico] furfheMt from the 7nain 

vine. 

.ot h .st^t 

.. j 114-6 1 

80-9 

100-5 


D. Leaves <m the ynain vine. 


4th .s&t . . . . 

. . , 130-1 1 

91-2 

94-7 

These results 

seem wholly irregular and 

do not indicate any constant 

change in acidity at different times (>f the day. 

or at different stages of growth 

as far as they are 

included in these series. 

The acidity, 

too, is not widely 


cUfferent from that recorded for the sliglitlv over-mature leaves recorded 
on page 283. 

We arc now in a position to indicate in some measure what is the com- 
position. in respect t(, the constituents we have determined, which is desired 
in leaves for chewing. These, it must be remembered, are usually mature or 
over-mature leaves, which have actually ceased growing, but have not become 
brittle, and are most often gathered in the monring. Those which are nearest 
to the main vine are usually disliked partly because their shape is not so 
regular, and partly alsc because they tend to be brittle, and also not to bleach 
well. Keeping this in mind we may say that, in leaves which are not vet 
mature, the starch and the non.- reducing sugars rise during the day consistently 
and nitrates appear to do so as well, the rerlucing sugars (which form twe- 
thirds of the total sugars present) rernain fairly c(m8tant through the day as 
does also the tannin and the essential (/ii. In over-mature leaves, the 
proportion of reducing sugars is very much smaller, and they are not more than 
one-third of the total sugar present at any time, and the non-reducing sugars 
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are fairly constant and are present in by far the greater amount. The starch 
rises during the day, but slightly only. There is a slight increase in the tannin 
during the day, while the nitrates decline. The essential oil tends to rise at 
midday and then fall ir\ the later part of the day. 

The leaves, young and growing, and not yet sufficiently mature for eating, 
contain much reducing sugar, and little cajie sugar. The sugar, as a whole, 
reaches a maximum and then with the maturity of the leaf appears to decliiie 
to a practically coiistant quantity. The same thing happens in the case of 
starch, and also, curiously enough, in that of tannin. After maturity is 
reached the tendency for both these is to fall. The essential oil rises to matur- 
ity and probably ccmsiderably beyond, but falls again when tlie leaf is 
considerably over-mature. The Jiitrates are fairly constant in quantity in 
similar leaves, throughout the life of the plant. 

Uhat is apparently wanted for chewing is a leaf with little starcli and 
reducing sugar, and with an increasing quantity of cane sugar. Oianges ii, 
the quantity uf tannin do not seem material, but excess of tliis constituent 
is evidently not required. The value of the leaf is not conditioned by changes 
in the quantity of nitrates. The vital factor is. as we concludeil {ron\ our 
previous paper, the anunint of essential oil. which increases vtiv largely as 
the leaf becomes more suitable f'r use, and which again declines when the 
leaf becoines over- mature. It is evident that it is in the studv (d this con- 
stituent. and the manner in which its quantity and character can be modified, 
that the investigation of the improvement of the leaf can be must profitably 
pursued. 


n. 

Thk VARiETrES OF Betel-Vtne Leaf, their Qualities, and the Essential 

Oil tx them. 

There are few products whose varieties arc more widely distinguished 
by its users than the leaves of the betel -vine. Some, with special (|na lilies, 
are associated with special places, and we have obtained leaf from a number 
of these centres, and have distilled the essential oil from most of them. We 
will n<>w give an account of each of the kinds of leaf wc liave studied, and 
afterwards of the differences in their essential oil. 

Poona green leaves. This variety is gro%Yn generally in the Deccan, and 
specially in Poona. In Bombay the leaves are much valued and used, Thev 
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are quite soft and sufficiently piuigent to be relished both by occasioiial jjan- 
caters and by those addicted ti) jxrn-chemng. Tliey bleach very well, and 
the well bleached leaves are said to be as good as the Eamtek variety. 

Ram f el' I'apnri Imrem. These are very soft, and form a good pulp in the 
mouth. They have a very faint cainphor 'like smell. Even if eaten to excess they 
have the reputation of not producing emptions in the mouth as do nmny 
other varieties. They bleach well, and: carefully managed, they will keep 
well. They are not so good in appearance as Poona leaves, and are large in 
size.‘ In their own district, hear Nagpur, they are the type most valued, 
as well as in other parts of the fhntral Provinces and Berar. 

Ramiel' hdugla leaves. These, on the other hand, are not highly valued 
except by those who are strongly addicted to the habit of jjn/ocliew’ing. They 
are considerably used by Mahomedans. They are very pungent, and have 
a very peeuhar smeW. difficult to describe, when chewed. They do not easily 
bleach, and are not used for this, purpose. They have a local reputation at 
and near Nagpur. 

Boroda hanyh leaves. These are very similar h\ appearance and effect 
to the last described, and are likewise very pungent and much used by 
lllahomedaus and by the so-called louder classes. 

Ranihennur green leaves. Kanibeimur is a great jwu -growing centre in 
the Bombay Karnatak. and gives tw o types c»f leaf, the green and the black. 
The green leaves are eaten by the higher classes, and scaicely by others or by 
tobacco chewers. There is little local demand, most being sent to Bombay 
direct. They are irot bleached locally, but in Bombay. They are valued for- 
th eir softness, easy and good bleaching, good shape, and very good, taste. 

Ranihennur hlacl' leaves. These are used chiefly locally by the so-called 
lower classes and by those who also chew^ tobacco leaf. There is no export of 
these leaves to Bombay. They are very pungent, and are never bleached 

Chikodi green leare.s. These leaves, grown in a number of centres in the 
Belganm district, are very nearly identical with the Ranibennur green leaves, 
and very similar to the Poona green leaves. 

In quoting these types we have naturally only dealt with those accessible 
to us. All, except the Ramtek leaves which are famous throughout India, 
are from the Bombay Presid,ency, but probably a stv.dy of these will give an 
idea of the nature of the differences in leaves from, other places. The attached 
table is a summary of the qualities of the types w'e have examined. 
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We may, in fact, class these in several grnups, as follows, leaving out 
the bleached leaves ; 

1. (g) Poona green leaves. 

{h) Kanibenimr green leaves. 

(c) Ohikodi green leaves. 

2. (g) Raintek kapvri green leaves, 

3. (ff) Kaintek hongla green leaves. 

(^j) Baroda hanpla green leaves. 

4. (a) Banibennur black leaves. 

In our opinion, it is probable that these arc leally twc^ varieties 
represented respectively by (1) and (2). and (3) and (1) the former being 
green varieties, the latter daik green, varieties. 

From each of the types quoted in the above table, the essential oil was 
distilled'with steam and the quantity determined, previcnis to (uir examinati(‘n 
of the properties. The quantities obtained from market samples at the san^e 
time of the year are as shown below. Many determinations were made from 
Poona green and Poona bleached leaves and the figures for these give simply 
the limits wo found. 

Ks^ential oil 
per cent. 


Poona green leaves . . . . . . , . l-o to 2 0 

Ranibennur green leaves .. .. , 1-8 

Chikodi green leaves . . . . , . . . 2 7 

Poona bleaeheil leaves . . , . .. 2-0 to 4 (1 

Ramtek kapvri green leaves . . . . . . 2-0 

Ramtek lapMri bleached leaves .. .. S'l 

Ramtek hnngh green lea ves . . . . . . P7 

Baroda tangla green leaves , . . . , . lid 

Banibennnr black leaves . . , . . . 


It is. at once, evident fnun these figures that it is not n-erely the qmmiity 
of the essential oil which determines the value of the leaves f(U chewing, as the 
least valued of the leaves in soiri,e cases contain more e^ential oil than the 
most valued. If we except the Chikodi green leaves, none of the more valued 
light green leaves contain more than two per cent., unless bleached: on the 
other hand the less valued hangla and black leaves contain an average of 
2' 6 per cent. It was necessary, therefore, not only to consider the quantity 
of the essential oil but also its composition. This led to a study of the chemistry 
of pan oil. 
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ITJ. 

The Themtstry of the Essential Oil of Hetel-Vtne Leaves. 

The work which has hitherto been done on the chemistry (»f betel- vim^ 
essential oil is well summarised in Gildenieister and Hoffmaiuih work or\ the 
Volatile Oils, and we may f^uote tlieir description in part. 

When and by whom betel oil was first distilled is not known, it is hi^hly 
probable that the preparation of the oil by Kemp^ in ]88o was not the first. 
A superficial examination, of Siam betel oil in the laboratory of Sf^himmel Co.“ 
in 1887 revealed the presence of a phenol in fractif ii 250 2()0L which seemed 
to correspond with euymnol. Eykrnan.^ who in 1888 examined an oil distilled 
by himself in Java, found no euttennl but a new phenol whieli he called chavicel. 
A seciond examination in the laboratory of Schiminel & Co. revealed the fart 
that Siam betel oil contains nedher eugeiiol nor cliaAncol. but a third phenol, 
a previously unknown isomer of engenol. wliieh Bertram and Oildemeister'^ 
in 1889 termed betel phenol. 

“ Betel oil is a light yellow to dark brown liijiiid of aromatic somewhat 
creosote-like odour, reminding of tea. and with a pungent taste. 

“The specific gravity varies between O'OoH and LOll : the oil from 
fresh leaves being lighter both in weight and colour than that distilled from 
the dried material. The rotatory power was observed on three samples of oil 
from fresh leaves. Of these two were laevogyrate i^p tn 1 ' 15') and one 
dextrogyrate ^ -b - b5'). 

“ With ferric chloride the alcoholic .solution (»f betel oil produces a greenish 
to bluish-green colour.*' 

The general result of the work whioli has been done on the chemistry 
of the e.ssential (hi sIio^as that this oil consists of two groups of constituents, 
the first class consisting of one or more plumols of the class of eugenol or'its 
isomers and anah^gues, and t he second of a group of sesqui-terpenes of which 
cadinene was said to be isolated by Bertram and Oildemeister from Siam oil 
(he. cit.). 

Nearly all the work done (except that of Kykman) has been done in 
Europe on dried leaves- and all except the original preparation of Kemp, on 

1 Pharmawgraphica Indica. 

2 Bericht von Sehimmel & Co., 1887. 

S Chemihr-Zeitung. Vol. 12. page 1388. 

♦ Journol fr. Prahf. Cheink (11), ,39, p. 349. 
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Java or Siam oils. Our results difi'er considerably from those published 
hitherto, and we will siniply indicate those which we huve obtained. 

Separation of Phenols and Non-Phenols in the oil. The phenols an4 
non ‘phenols were separated by simply shaking the oil with a solution of caustic 
soda and measuring the loss in voliur.e of the oil. In some cases 5 per cent, 
and in other cases 15 per cent, caustic soda was used, The percentage (.f 
matter dissolved with the latter w^as higher, while the former seemed to dissolve 
all the phenolic matter. The figures obtained with the tw’o solutions were 
as follow's with oil from bleached and unbleached leaves : 



5 % Soda 

15% Soda 


Per cent. Phenols 

Per cent. Phenols 

Sample 1 (Green leaves) 

41-0 

460 

Sample 2 (Green leaves) 

42'0 

■ 490 

"Sample 3 (Bleached leaves) 

, . . ■. ■ 5t5‘5 

64-0 

Sample 4 (Bleached leaves) 

o6’0 

68-0 


In some cases, for comparison, a direct determinatic)n (>f the nx^n -phenols 
was also made by extracting the mixed pc^tash and (ul repeatedly with ether, 
and evaporating the solution. This invariably gave a higher percentage xif 
phenols than when the determination was simply inad.c by less ( f vcJumc. 
The relationship between the. figures is showm in, the folhAving table in five 
separate lots of leaf : - 



Phenols 

Phenols 

% 


(by diieot reading 
of loss in volume) 

(bv ether extrac 
tion) 

Lot 1 . , 

70-0 

75*3 

Lot 2 . . 

82*0 

90-t! 

Lot 3 . . 

56-0 ' 

73-2 

Lot 4 . . 

450 

61-2 - 

Lot 5 , . 

650 

66-6 


In most cf our determinations we have simply taken the direct reading 
of loss in volume, and the exact method of conducting the assay w'as as* 
follows : — A burette of sixty cubic centimetres capacity calibrated in tenths 
.of a cubic centimetre was almost completely filled with 5 per cent, caustic 
soda solution, and ten cubic centimetres of the oil added, The burette was 
stoppered, well shaken, and set aside for twelve to twenty-four hours. Drops 
of oil which might be adhering to the sides of the burette were then loosened 
by tapping or rotating the burette, and after the alkaline liquid had become 
clear the amount of non-phenol oil was read off, 
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Treated in this way, the various leaves described in the previous section 


gave figures as follow^s : - 




Phenols 

0/ 

Cliarueler of the soda solution 

Poona grem Iuavc« 

/O 

. . 42'0 

Yellow coloured liquid, gradually 
becoming red. 

Uanibennur green leavesj 

. . 00*0 

Dark coloured liquid. 

Chikodi green leaves 

050 

Red coloured liquid. 

Ramtek green leave's 

. . 70*0 

Reddish coloured liquid. 

Hamtek bangla green leaves 

. . 40'0 

Very dark liquid. 

Barodn bangla green leaves 

. . 45-0 

Very dark liquid. 

Rantbennur bhack leaves 

. . ;i!)'0 

Dark liquid. 

Poona bleached leaves 

, . 50-0 

Red coloured liquid. 

Ranitok bleached leaves . . 

.. 82 0- 

J>ark coloured liquid. 


From these figures it is obvious that the percentage of phenols in the oil 
varies very much, and that the higher quality leaf contains the largest quantity 
of this class of substance, while the lower quality hangla or ’ black ' leaves 
contain considerably less. Fiuther the effect (i bleaching is to increase the 
percentage of phenols in the oil. Thus we have as follows : - 

Pf*icontage of Increase bv 
pbcn{ils ijlcachiiig 

O' 

o 

Poona green leaves . - . . • ■ -iJO j 

... 

l^ooua bleacheH leave.'* . . . . • • ’'^b’O > 

Ramtek green leaves - . • • • • ‘b O ^ 

Ramtek bleadied loaves . . . * . • 

Nature of the Phenols in betel-leaf oil. On the question of the nature ( f 
the phenols contained in the oil. the infomiatio)) at present is about as 
contradictory as it possibly will bo. Ar; already stated {see page 299). it was 
first said to be eugenol : then no eugen.ol was f(au\d. and a new phenol i ajned 
chavicol was obtained from Java oil : then Siam oil was found to contain 
neither chavicol nor eugenol. but' another isoii er of eugenol to which the 
name betel -phenol was given. None oi these studies were made v ith Indian 
betel-leaf oil. 

The three phenols mentioned are said to have the following properties. 

Eugenol or allyl gmiarol [CoHs. C 3 H 5 (I), OCHafI). OH(3)] is the charac- 
teristic phenol of clove oil. and is also contained in cinnamon, sassafras, 
bay. and a number of other similar essential -oil -yielding plants. It is a yellow 
liquid, smelling of cloves, with a burning taste, boiling at 252T. at 749 mm. 
With ferric chloride in alcoholic solution if gives a blue eolour. After shading 
ivith water, the water solution gives no reaction ivifh ferric cfdonde. On o.\idation 
it yields vanillin, it forms a benzoyl compound with benzoyl chloride, melting 
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at GO — 70"C. and also gives an acetyl coinpoimd with acetyl chloride melting 
at 30--31T. 

Chavicol {Pam-aUyl- phenol) [CyHi. (, 3 H 5 (!), OH(4)'|. is said to occur 
ill bay oil. It is a colourless liquid boiling at about 237°0. Its aqueous 
solution is coloured intensely blue with ferric chloride, hut the alcoholic solution 
only faintly bine. Its benzoyl ester crystallises in long needles and melts at 
72-73\M 

Betel phenol, {Chavibeiol) is an isomer (d eugenol with the formula 
IhHa- CgHyll), 0CH3(3). 0H{I). it is not kuowTi from other sources than 
betel -leaf oil. It is a liquid with a smell much more like betel leaf than eugenol. 
1 1 boil s a t 254 - - 2 5 5 " C . It gi res )to colour irith ferric chloride i n a queo us so I u ( ion , 
but an intensely bluish green colour in alcoholic solution. It gives a coynpound on 
treatment nith bemogl chloride, melling at 49“ 50°C'. and crystallising in plales. 
Acetvl chloride produces a c(nnpound boiling at 275 277‘'C'. and melting 
at 5"C. 

These three phenols can evidently be distinguished easily by (1) their 
reaction with ferric chloride in water and alcolnd solutions, (2) by the melting 
point of their benzoyl compounds, (3) by the boiling point of the phenol. 
Investigation (4 the phenols frimi betel-leaf oil was made ni these three 
directions. Most of the work was done on oil from Poona leaves which had 
not been dried. 

Boiling point oi the phenols from hetel-leaf oil. The phenols for this 
impiiry were obtained by the method above described (.{ treating the oil with 
5 per cent, caustic soda, and then adding dilute sulphuric acid to the caustic 
soda solution. Tlic phenols separated easily, and were then used for further 
experiments. 

On heating the phenols thus obtained (which fcniued a clark red liquid), 
slight ebullition was noticed when the thermometer in the vapour reached 
160"C. but no distillate came over. The thermometer rosetlien to 251 
and the liquid began to distil, and remained constant between 251- 253*^15 
while the greater part of the liquid came over. The distillate was light green 
in colour. 

In a second trial with a uevv lot (4 phenols, a small quantity distilled 
betw^eeii 98''C. and 108'^C. It had a peculiar smell rather like coriander : the 

1 The plieiiol which gave thesie figvij’e«h>i I he beiizoyl compouiKi was jirepaied by Hohimmel 
&, Co., from oil distilled by J)e Vrij in Java. Jts identity with chavicol is probable, but not 
proverl. 

’ All these determinations of boiling points wore made iu Poona at an elevation of 
i,ti00 ft. above sea level and are uncom?ctod. 
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quantity was very sniaJl, and it was chiefly water. No further distillate was 
obtained below^ 24-5^0. Between 245'' and 253" C. the liquid distilled fast 
and the thermometer rose steadily without a break. Only a very small 
quantity remained at 253 ■'C. when the temperature suddenly rose to 270' 0,, 
w'hite fumes "were evolved, and decomposition was evidently going (m. 

In a third trial witli still a fresh lot of phenol, a very similar result was 
obtained at 105%'. \"ery nearly the whole of the remainder distilled between 
240''C. and 251%*. the thermometer remaining constant at the latter figure. 
The distillate was very light green at fij'st, but became reddish on standing. 

This would seem to indicate that no considerable quantity of a substance 
with the boiling point of chavicol occurs in the Poona imh oil. 

Reaction of the phenols with ferric chloride. The phenols were onlv 
slightly soluble in water. The water used for extraction when filtered gave a 
slight greenish blue colour ;vith ferric chloride, which became intensely blue on 
addition^ of alcohol. This would again indicate that any substance having 
the properties of chavicol can f/iily exist in traces. A.s water shaken with 
eugeiiol does not give any reactioJi with ferric ( hhu-ide. theie Jimst be some 
quantity at least (d another piienol probably be tel -phenol. 

Investigation of the benzoyl compounds of the phenols. The beuzovl 
compounds seemed to form the most likely means of ascertaining the nature of 
the phenols, and hence these were prepared from all the vai ieties of the oil in 
(uxr hands. 

About five grammes ct oil from Poona leaves was taken in the first instance. 
aud treated with 15 per cent, caustic soda solution (20 grammes), and 5 
grammes of benzoyl chloride added the solution being vigorously stirred. 
An oily precipitate was formed, becoming semi-solid at 10''C. It was then 
dissolved in hot alcolud. and. fracthmally crystallised. A small residue was 
iiually obtained ficmi which crystals could, not be obtained. The separate 
fractions crystallised as follows : 




(1) Original crystals ( 

M. P. 

J) After ivcry.st 
M. P. 

1st frautiun . . 



68^C. 

Jn.l „ . . 


67 C. 

67 C. 

:ird . . 


07' C. 

67 -C 

Itb „ . . 


64 C. (yellow) 

66^C. 

5th „ . . 


67 ^'0. 

67 C. 

Oth „ . . 


67Xt. 

67 ^C. 

7th 


ol-on'^V. 

ol-o3‘C. 

8th ,, 


50^t\ 


Uth „ 



4d-50V. 

10th ,, 


. . Uiiciystailisablc 
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All these tests point, therefore, to the fact that while the bulk of the 
phenols in the essential oil consist of eugenol, there is present with it another 
phenol having the properties of the betel-phenol previously described. This 
can be separated by washing the phenols with ^vater, as it is much more soluble 
in water than the eugenol. This is shown by the following experiment. 

10 grammes of the oil were treated with 5 per cent, caustic soda solution 
(100 c.c.) well shaken, and kept for a day. The non-phenolic matter was then 
removed, and traces remaining with the alkaline liquid taken away by washing 
the latter with ether. The residual liquid was treated wdth dilute sulphuric 
acid when the phenols separated as a black oily liquid, and the soluble portion 
was extracted by ether. The percentages obtained thus wnre as follows: 

Non-phenols . . . . . . 29’45 % of the oil. 

Total phenols . . , . , . 70'55 % of the oil. 

The purified phenols were then shaken with w^ater and filtered,. The 

filtrate gave a slight greenish blue colour with fenic chloride, becoming 

intensely blue on addition of alcohol. The portion soluble in w^ater was 5’71 
per. cent of the original oil. 

The separated wutcr-soluble phenol vas treated with benzoyl chloride 
to obtain the benzoyl derivative— and the product crystallised. , Crystallisa- 
tion was not satisfactory, how^ever, either from alcohol, acetic ether or any 
other liquid tried, even in a freezing mixture. A hard mass was left on 
evaporation of the solvent which melted at 51 52°C. A very very few^ crys- 

tals separated from alcoholic solution on keeping for a month, w-hich melted 
at 63 — 64"C. and which w’ere evidently the benzoyl compound of eugenol. 
Everything points to this water soluble phenol being a mixture of betel phenol 
with a small quantity of eugenol. and the tw'o phenols can be pai-tially 
separated by meaiis of this difference in solubility. 

As the deternunation of the exact nature of the phenols from the betel- 
leaf cil seemed a m.atter of importance, and the oxam.ination c>f the benzoyl 
compounds seenred to afford the most satisfactory means of n-aking it out, 
a number of other experiments were made as follows : — 

(1) Oil from Poona green leaves. The phenols and non-phenols w^ere 
separated by means of 5 per cent, caustic soda solution, the solution treated 
with sulphuric acid, and the phenols separated from the solution completely 
by washing with ether. They w^ere then treated in the usual way (vide supta) 
with benzoyl chloride, and the derivative washed with hot water and dissolved, 
in w'arm alcohol. The solutions of the^more easily and of the less easily soluble 
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portions were kept separately, and allowed to deposit crystals slowly. In 
both cases bi^ crystals separated after ten days, and ga ve melting points as 
follows 

(1) derivative from the most easily soluble phenols P. hti- - 07“C. 

(2) derivative from least easily soluble phenols — M, P. bO"C. 

No further crystals were obtained in this case. 

(2) Oil from Poona green leaves. In this case the phenols and in »n -phenols 

w’ere separated by 5 per cent, caustic soda as usual, and the caustic soda 
solution treated directly vith benzoyl chloride. The benzoyl derivative was 
dissolved in alcohol in two fractions. The scdution d the mere easily soluble 
portion gave crystals melting at 6f)' : that of the less easily soluble 

portion gave crystals melting at 61- 66^1 !. On recrystallisation all melted 
at 66 — 67T. The soluble on evaporation gave a residue not containing 
crystals and which we failed to get to ci vstallise. 

(3) Oil from Poona hleo/hed The experiment was carried out with 

this oil as in No. !. All the crystals obtained melted at 66 - 67"0., but there 
WAS a residue in the licprid which we did not succeed in making crystallise. 

(4) Oil fmn Poona bleached leave.s. This experiment was carried out 
exactly as in No. 2, but all the crystals obtained melted at 66 67 0. TJie 
residual solution could not be made to produce crystals. 

(5) 0/7 from Poona green leavers. The phenols were sopaiated as usual 
with 5 per cent, caustic soda, followed by .separation with sulphuric acid. 
The separated pheiu Is were then repeatedly washed with cold water to get 
the portion soluble in water, and this water solution was then treated with 
benzoyl chloride to obtain the benzoyl derivative. This benzoyl derivative 
crystallised with very great difficulty. On evap/nating the alcoholic soliith n 
a thick reddish semiditjuid residue was obtained wliich became hard and 
solid on rubbing with a glass rod. This hard substance melted at 50- olAh 

The mass was treated with a very small (pmi'tity of alcohol insufficient 
to dissolve the whole. The luuUssolved residtie then, melted at 50- 52’'C. : 
the solution deposited a very small quaiPity' ( f ciystals melting at 66"C. and 
a further evaporati(a\ gave a residue melting at 50 52^C\ 

The water soluble phenols in this case ermsist. therefore, chiefly of a 
phenol giving a benzoyl "fTeVivative melting at 50- 52'^{k mixed with a small 
quantity of a phenol whose benzoyl derivative melts at 6<fC. 

The result of all these experim.euts seems clear. Two phenols exist ia 
the oil. These, judging by the benzoyl compoimds. correspond with eugeimi 
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and betel-pheuol. The former is present in by far the largest amount, and 
is only very slightly soluble in water ; the latter (betel-pheuol) on the other 
hand is very fairly soluble in water, and reinaiiis in the water-soluble portion 
mixed with a little cugenol. The portion, from Poona green leaves, soluble 
in cold water was in one case 5 7 per cent, of the phenols. This will represent 
slightly more than the proportion of betel-phenol present. 

The principal phenol present was always eugenol. In our samples this 
fiumed about ninety -live per cent, oi the total. 

Examination of the non-phenols in betel-leaf oiL The only other 
materials which have bccir isolated from betel-leaf oil are terpenes and 
sesquiterpenes. The position of our knowledge with regard to these is thus 
stated by Gildeuieister and Hohmannh 


Another constituent possibly to be found in all betel oils is cadinene 
fnr this hydrocarbon has been isolated, from the ^Hiain oil onlv 
(diiiydrc'chloride M . P. 11 Probabl}' the sesquiterpene (B. P. about 260^^0. 
Sp. gr. O'lMT). ioitiid by Eykinan in the betel r'il Irom Java is also cadinene. 
Ttie Java oil from fresh leaves c('ntaii>s a (('usiderablc amount of low 
’boiling constituents. Kvkiuau- did not succeed in isolating or identifying 
a pure teipeno of ( onstaiit boiling point from the fractions between 1 73- 1110' C. 
Probably several terpem^s arc present, but apparently m> piueuo. Fraction 
173- (Sp. gr, 0*848 at 16'C. :»!)-: - tr !!()') yielded neither a solid 

bromide nor a crystalline hydiocliloride. Fractions 190- 22(PC. contain 
substances having a minty od('ur (n enthone or menthol ?)• 

“ The oil distilled from dried Siam leaves was devoid of low boiling 
fractions; only a few drops cfuning over below 200^0.’’ 

We have not as yet done more than a preliminary examination of the non-, 
phenolic pmthms of the essential ail. but the results so far obtained may be 
recorded. 


The m)n-pheuolic portions of the betel-leaf oil were distilled at ordinal*) 
pressure and gave frac turns (iVoJia green leaf) as follows : — 


Nu. 


1 

185-2UO (t 

( 'liU'Hy from 195 to 200 t'. 



.. 7'4 


210-230 (\ 

Chiefly from 220 to 230 C. 



.. 6-3 

3 

243-245 a 

Cliiefly at 244 C. 



.. 6'6 

4 

247-250 

('liiefly at 250 (*. 



.. 8-4 

.*) 

250-255 C. 

Chiefly at 253-254 



. . 29-2 

i) 

256-203 V. 

Cliiefly al 257 



.. 6'3 


J The Volatile OiU, pa go 
'^Chem. Zeiiu7t(j. Voluuur 12, 


page 1338. 
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At 263°C. M^iite fumes eoULmeiiced to be evolvetl. and it was evident 
that decomposition was commencing. The distillation was therefore com- 
pleted under reduced pressure (3u0 mm.) and tlie following fiiither fraction 
was obtained. 

Nu, 

7 240-250 C. (at 350 min. pK'SMitf) .. .. .. ll'l 

Residue (black in coloui') . , . . . . O'S 

IOU‘0 

Of these fractions the following notes were made : — 

Nu, 

1 Culourk’SsH liquid wjf li JitLdily fra^i'iUit 

2 Dittn flittd. 

3 .Slightly gi'c{‘nish liquid, witJi slight fragiarit 

4 Oreenkh liquid, only vei-y slightly fragrant. 

5 Liquid, more gruen than No, 4. witli slightly object ionablc smell. 

(> Liquid, inure green tlnoi No. 5. with very nasty snir-l). 

7 V'ery green lic^nid. 

The distillate No, b was redistilled and the green colour uas foujid to 
be persistent in the di.stillate. 

The specific gnivitv of each (jf the fracthMis was obtained as follows 
(at2b“C.): 

Xri. 

e-ss.'} 

(1-905 
(1-944 
0-951 
0-952 
o-9.->2 
o-90<» 

We Ncere unable to detect cither cadinene or carvophyllene in any of the 
above fractious. The oxamination will however bo (‘onfiiiued. 

Conclusions regarding the essentia! oil of betel-leaf. The essential oil of 
betel-leaf consists essentially of two portions, consisting respectively of phenols 
and of tei'pene-Iike bodies. The relative pn'.portion of these vaiies. and the 
higher the quality of the leaf, the higher the proportion of phenols in the 
essential oil. The proportion of phenols in our sajuplcs varied from 12 
per cent. (Pooi\a) to 70 per cent. (Ramtek kapuri] in green leaves of the light 
green variety, and fnmi 39 per cent, to 45 per cent. ii\ green leave, s oi the dark 
green variety. The bleaching of the leaves not only increases very much the 
total quantity of tlie essential oil, but also tlie proportion of the phenols in it. 
In two cases wdiero bleacdiing was carried out tlie increase in the percentage 
of phenols was from 17 to 33 per cent. 


.3 

4 
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The phenols consist essentially of eugenol in all our cases, mixed with a 
nail percentage of betel phenol. The latter can be largely separated by 
ashing the phenols with water in which it is very much more soluble than 
igenol. No sign of any substance having the properties attributed, to chavieo^ 
IS been found in any of our samples. 

The nou-phenolic p::u'tlon of the essential oil is a mixture of a number of 
ibstan ;es as yet uniuvestigated. Over 60 per cent, boils between 240° and 
i5°C. This has a light green colour, and a somewhat objectionable smell. 
} is not cadinene or caryophyllene. 


IV. 

The Commercial Blp:achixg of the Betel-Vine Leaf. 

In onr former memoir we discussed the method by which the bleaching 
f betel- vine leaf is carried on. and found that, as normally conducted, the 
rocess results in a very large increase in the anunu^t of essential oil present, 
i a verv considerable increase in the acidity, in a large disappearance of the 
barch and non-reducing sugars, and in a large decrease in the amount of 
iastase. We found moreover that oxygeii made tlie process more rapid, 
nd that its absence prevented the change gtdu.g on. It appeared also that 
Ight acidity was necessary to the process. The problem now before us was 
y bleach the leaf more. rapidly with equal production of essential oil and to 
btain a leaf which has the further qualities desired by the consumer. 

As usuallv conducted the process of bleaching is briefly as followl For 
lutb.er details we must refer the reader to our fnrnmr memoir [loc. dt.). 

About hftv to seventy pounds of leaves are packed together in a round 
lasket two to two and a half feet in diameter, and twelve to eighteen 
iiches high, which has been, lined vsith matting. The ntethod of packing 
4 first to cut oit the stalks, and then arrange the leaves almc'St vertically, in. 
ivers, ffumring three or four circular rings of leaves in the basket in each 
lyer. A vertical hole is reserved in the centre, of convenient diameter to 
How the hand, when introduced, to reach the bottom, layer easily. The 
irhole is then sprinkled with water, and covered with moist gunny cloth, so 
hat it remains in the dark. After three or four days the gunny bag is removed. 
,nd the leaves examined. After eight days all are taken out, the bleached 
saves and the rotten leaves removed, and the remainder rearranged. All 
eaves becoming turmeric yellow and not white, and all with red or brown 
matches are removed. This taking out and picking over is repeated every 
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five or six days, until practically all the leaves have become bleached. oi 
rotten, or refuse to change coltmr. 

Properly bleached leaves should be very soft, tender, of a sunflower vellow 
to whitish yellow colour, very bright, clear of any stain as if rotting had com- 
menced, and should become brighter on keeping. A })r'ittle leaf is net liked, 
and leaves too highly bleached are objected to. When well prepared, bleached 
leaves are worth three times as much as the original green leaves from which 
they are obtained. 

As already stated, our former work proved that the proGe.ss wa.s one in 
which oxidation takes a prominent pait. and that slight aciditv is uecessarv 
to its successful carrying out. The experiments now to be record.ed deal with 
the influence of light on the bleaching process, 

(6) the influence of moisture on the bleaching process. 

(c) the influence oi varying temperature on the bleaching proce.ss. 

We have been able to make distinct progress in ascertaining the cmiditious 
which lead to rapid and successful bleaching, with the minimum amount lA 
loss on account of the rotting (fl the leaves. 

(o) Influence of Lifjld on, the Blcachuiy Process. 

It will be noticed from the above description that in the process in common 
use, the bleaching of jxin leaf is carried out in the dark. The basket in which 
it takes place is always carefully covered, and only at the time at which the 
picking over of the leaf takes place is the material exposed to the lioht. The 
first experiments undertaken, therefore, were to ascertain whether this is a 
necessary precaution, or whether the presence of light is an mdifferent matter. 

The first experiment compared the following conditions : 

(1) Green leaves dipped in water, the excess of water shaken ofl, ami 

then kept m a nearly saturated atmosphere exposed to light. 

(2) Green leaves kept in a saturated atmosphere, airtight, also exposed 

io light. 

(3) Green leaves kept m a nearly saturated atmosphere, in a dark 

cupboard, and hence only exposed to light occasionally. 

(4) Green leaves kept in a nearly saturated atmosphere, carefuliv 

protected from all access of light by means of a dark opaque 

cloth. 

Leaves (eight or nine in each case) kept in these various conditrons were 
watched aud examined each day for twenty-four days. The results were clear. 
Whether judged by the amount of rottmg which t(»ok place, by the rapidity. 
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or by the regularity of bleaching, it was evident that light was a distinct dis- 
advantage to the process. The temperature throughout was 24° td 26°C. 


In the matter of rotting, after the process was over we had as follows 



! 

No. 2 




\(i 1 

Exposorl tri 

No. 3 

Kept in the 
dark 

No. 4 


Exposed to 
liglit 

light and 
litnitetl 

Kept in 
complete 


amount of 

darkncs.s 



air 




0. 

n 

O 

O 

BWaclied 

None 


h 

% 

Partially bleacliod 

•>■) 

I'll 

11 

None 

Rotting 


Ml 

11 

22 

Will not bloacli 


i Ml 

None 

None 


It is evident, therefore, that access of light alnnist entirely stopped the 
bleaching process. 

Notes made of the process were as follows : — 

No. 1 {e.r posed to light). The proper form of bleaching hardly commenced 
at all. A certain number of leaves began to turn yellow, and in this sense 
the process was rapid in the first instance. The yellowness, however, rapidly 
changed to redting and evctitually most of the leaves were no use either for 
eating or for further keeping. 

No. 2 {e.i' posed to light, ivith limited amount of air). The pi'oper bleaching 
in this case also hardly began. The leaves only g(,'t yellow spots here and 
there on the surface. Further bleaching hardly took place except in one case. 

No. 3 {kept in the dark). The bleaching was slow, but it went on regularly 
and continuously. Of the bleached leaves, about half were bleached white 
and half yellow. The bleached leas es were lustrous, and satisfactory from a 
consumer’s point of view. 

No. 4 (kepi in cmplete darkness). The leaves bleached slowly and 
normally, the majority tending to yellow rather than white, although the 
number of white- bleached leaves was thirty -three per cent, of the total 
taken. 

A second experiment was now undertaken with a larger number of leaves, 
generally 64 or 65, weighhrg in each case one humlred grammes. We com- 
pared the following condition.^ 

(1) Bleaching with exposure to light. 

(2) Bleaching in the dark. 

(3) Bleaching exposed to blue light. 

(4) Bleaching exposed to red light. 
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The results coiiliriuod the previous expcriiiient, ajul in addition slioweu 
that the exposure to red light was much luoie fatal to satisfactorv bleaching 
than exposure to blue light. The results tabulated, after twelve days, were 
as follows : - - 


; x.Mij 

1 Xo. (2) 

Xo. (3) 

Xo. (4) 

' Expost“(i to 

1 Kept in the 

E.xposi/d to 

£\])<>K‘d to 

. light 

1 dark 

' blue light 

red light 


, 0 


'Fotal bleached leaves 

Xoni 

(fl) White bleaclied ... 


(6) Yellow bleached 


Half bleached ]eave.‘< 

U3 

Total rotting leaves 

37 

(rt) Leaves rotting wliile green 

37 


(6) Lr^xve.s rotting after iurii:i! 
bleaching 


71 

do 

30 

4(j 

o3 

bl 

• 17 ) 

7 

20 

Xoiif 

Xi*iu‘ 

Xuljc 

20 

4(1 

f>4 

None 


34 

21) 

3.3 

.30 


Thus the maximum amount ()f rotting took place under the red li«ht. 
aud that under the blue and the white light was about tnpial. The least 'ook 
place in the dark. The maximum amount of bleaching t:)ok place again when 
the leaves were kept in the dark. The projaatioi^ of the bleached lea ve.s which 
became white and yellow respectively was 



Xo. 1 

Xo. 2 

Xo, 3 

Xo, 4 






White bleached 

Xotu‘ 

(U) 

SI) 

20 

Yellow bleached 

Xone 

33 

11 

71 


The yellow bleached leaves are, of oourae, coi\sidered far inferior to tlusse 
which are white. 

(6) I}ifli(ence of Moisture on (he Blcuchinif Proces.^, 

It was noticed in the experiments on the action of light that if the leaves 
became in the slightest degree dry at the edges or elsewhere, rotting set in 
almost immediately. Experiments were uudertakeh. therefore, to ascertain 
the effect of a perfectly saturated atmosphere or other conditions of moisture 
on the bleaching process. 

The conditions compared were the following : — 
t. The leaves w’ere placed in an atmosphere kept nearly saturated bv 
being surrounded with w^et gunny cloth, and placed under a bell jar. The 
gunnv cloth did not, however, touch the leaves. 

2. The leaves were placed in a similar position to the last, e.xcept that 
the bell jar itself was standing in water. The gunny cloth did not touch the 
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leaves. Tke atmosphere may be considered to have been a little more nearly 
saturated than in the last case. 

3. The leaves were placed in a similar position to No. 2, but the . wet 
^uimy was re-wetted every morning, and so the conditions were more 
saturated with moisture than even in the last case. 

4. The leaves were placed under similar conditions to No. 3, but the * 
end of the gunny chjth itself was continually dipping in water, and so it was 
kept continuously re-wetted. 

5. The leaves were placed under similar conditions to the last, oxcept. 
that they were surrounded by wet leaves (as they would be in the regular 
process) whicii were not included in the experiment. 

The leaves kept in No. 1 Were, therefore; in the conditions of least, 
saturation, and the saturation was greater in each succeeding case. 

The leaver taken in each case weighed one hundred grammes and were 
from 54 to hO in number, and the general results were as follows 



No. 1 

No. 2 

No. 3 

No. 4 

No. 5 . 


% 

% 

0/ 

/O 

0/ 

/o 

0/ 

/o 

Total bleached leaves 

o2 

81 

70 

54 

47 

(a) White bleached 

44 

58 

04 

35 

41 

(6) Yellow bleached . . 

8 

211 

0 

19 

6 

Total rotting leaves 

48 

. 19 

30 

46 

53 

(a) Rotting while green 

21 

10 

3 

13 

12 . 

(o) Rotting after partial bleaching 

21 

9 

27 

33 

41 

Of the bleached leaves, 

the percentage bleached w 

hite and yellow was 

as follows 






No. 1 

No. 2 

No. 3 

No. 4 

o/ 

No. 5| 
o/ 

White bleached leaves . . 

84 

% 

72 

- '% 
92 

/o 

65 

/o 

87 

Yellow bleached leaves 

1(> 

28 

S 

35 

13 


The results thus shown seem to indicate that w^hile enough moisture 
must be present to ensure that hot the slightest drying should take place, 
more than this is injurious. The best results were obtained (Nos. 2 and 3) 
when every precaution was taken to ensure that the atmosphere was nearly 
saturated with water, but w^hen the lea ves themselves were not wetted, except 
at the beginning. If the atmosphere was more nearly saturated than was 
required to keep the leaves from drying, the amount of rotting rapidly increas- 
ed! and the number of leaves bleaching properly became very much reduced. 

In No. 1, there was a slight sign of 'the leaves drying at the edges : this 
has probably caused the very inferior results obtained in that case, and this 
accounts for the large number of leaves which rotted befose bleaching took 
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(c) Influence of Temjjemlure mi the Bleachiny Proces.s . . 

Itf had "now become clear that for correct bleaching to occvr the leaves 
be in the dark, and in an atmosphere nearly enough saturated to prevent 
the slightest drying. The next point to ascertain was the temperature at 
which the best results were obtained. 

The temperature was obviously an important factor in the^ process. In 
the bleaching' of ]xin leaves, as commercially carried nn, the results are 
recognised to be much better during some seasons than during others. Thus, 
f or .;in8tance, the period from February to May in Poona is the best time 
for makiug good bleached leaves, and this corresponds roughly to the hot 
weather in. this part' of the country. This is partly due also to the fact that 
the junawan leaves, which "give the best results, are more readily obtainable 
at this period of the year, but the temperature must be recognised to be 
factor in the* operation. 

We, -therefore, carried on a number of experiments on this point. In 
the 'first of these the process of bleaching was carried on respectively at the 
room temperature ranging from 26^ to 30"C. in an incubator kept at 28^ to 3lT. 
and in an incubator at the higher temperature of 31" ixf 33^0. The difference 
between these temperatures is not great, but it is sufficient to have a consider- 
able influence 'on the result. 

The: result of the bleaching in each case was as follows, the numbei of 
leaves taken being from 62 to GO : 



j No. 1 : 

! 26° C. to 
! 30° G. - 

t 

No, 2 

28° C. to 

31° a 

No. 3 
31° C. to 
33° C 


L 0.' 

*■ /O 

-/O 

o/ 

‘Total bleached leavea 


64 < 

63 

(a) White bleached 

. ; 41 

37 

35 

(6) Yellow bleached 

6 

27 

28 

Total rotting leaves . . 

63 

36 

37 

(a) Rotting while green 

12 

None 

Nofie^ 

(6) Rotting after partial bledching 


36 

37 


^ The result at 26° to 30°C. was obviously considerably below the average, 
but the other two, on similar leaves, were practically equal and were in each 
case superior to the average, except that the proportion of yellow bleached 
loaves ^as higher. But during the process it was noticed that at the higher 

* 3 
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temperatuie tlie leaves bleached (1) much more quickly, and. (2) much more 
evenly .than under ordinary room conditibhs. The difference in time was 
considerable. While the bleaching was not completed in Sfo. 1 (the room 
temperature) until after twelve days, in- Nos. 2 and J the process was finished 
after five days. This difference in time probably accounted for the smaller 
amount of rotting, and also for the rotten leaves rotting after partial bleaching 
rather than before. * 

This result was so promisiiig that further experiments were undertaken 
with larger quantities of leaf. In the first of these we compared i ^ ' 

(1) the bleaching of the leaf under the ordinar\vroom conditions and 
by the usual method adopted by the fa7nholis (temperature 27°G, to 28“C.) 

(2) the bleaching of the leaf at a higher temperatnre in an incubator 

(temperature 30° to 35°C.) . . 

(3) the bleaching of the leaf at a much lower temperature, in a box 
surrounded by ice (temperature 8° to ]6°C.), 

It may at once be said that no real bleaching took place at the lower 
temperature (8° to 16°C.). The leaves gradually lost their lustre, becoming 
dark in colour, and showed signs of decay by the fijth day. This ^darkening 
and decaying continued and after a few days further the w^hole lot had to 
be thrown away. 

In the other two cases the foliowdng table shows the general results in the 
first case for an ordinary bazaar sample of leaves, in the second for a selected 
sample of junaumi leaves. 


A . — Bazmr leaves {without selection). 


Time required for bleaching | 

No. 1 1 

27^-28“ C. 1 

17 days 

No 2 

10 days 


% i 

. % ; 

Total bleached leaves . . . . , . * , , 

36 ; 

84 

(«) White bleached . . . . 

9 : 

i 

68- 

(6) Yellow bleached . . v ' * * * ' * 

‘ 18 ' 


(c) Partially bleached , . . . , . /. 

1 

I 

2 * 

Total rotting leaves . . . , . . , 

66 . : 1 

16 

(o) Rotting while green % . , ' ' . . 

1 .1, 


(I>) Hotting after partial bleaching « . ^ * • «-• 

H V j 

12 
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B. — J U'iiawari leaves. 



Time re<j[uu’ed for bleaching 

Ko. 1 

27 ^-’-28 - C. 

21 days 

No. 2 

30" -34^ C. 

9 (lay.s 

Total bleached leaves , . . , 

0/ 

/o 

74 

% 

83 

(a) White bleached 

30 

42 

(6) Yenow bleached 

35 

41 

(c) Partly bleached 

U 


Total rotting leaves 

2G 

17 

(a) Potting while green 

10 

1 

. . (fr) Hotting after partial bleaching . . 

10 

16 


^ ' Ifc is evident from these figures, therefore, that the increased temperature 
has not only increased the speed of the bleaching but it has made it possible 
to bleach leaves, which are not usually considered fit for this purpose, almost 
equally well with those which are specially selected for it. Further, e\’eu among 
leaves considered as particularly suitable, a larger percentage of bleached 
leaves has been obtained at the higher temperature, and less rotting than is 
nornwilly the case. 

The bleached leaves at the higher temperature were of a better colour 
and more evenly bleached appearance than those conducted by the orclinary 
process at the ordinary room temperature, and nearly all the leaves were ^ead^' 
on the fifth or sixth day of the process. 

It was incidentally noticed during these expeiiiuents that leaves whose 
edges touched metal almost inevitably went rotten, and the same was the 
case to a less extent if they were in contact with gunny.- Loss was minimised 
if they were in contact vith dry plantain leaves, wetted for the occasion. 

An attempt was now made to conduct the process at a still higlref 
temperature, namely, 30® to 38®C. but the process totally failed. The leaves 
began to show signs of drying on the third day, in spite of the saturation of the 
atmosphere — ^yellow patches then appeared on all the leayes and these were 
quickly followed by a general appearance of cooking, and final darkening in 
colour and decay. 

So far tlve results were obtained with either ordinary leaves or jummm 
leaves. The younger leaves from the betel vines, notoriously unsuitable for 
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bleaching by the ordma^ process usually called wotJO^i leaves^^ere, 

taken in order to see how their bleaching would be affected" by rayibigfto 
temperature. The results of an experiment similar to that describe foi^ 
junmmn leaves were as follows: — ■ ' ' ^ * ■**’. > 


A, —OrJliianj navaii leaves. 




No. 1. 

No. 2: * 



24° to 27" C. 

29* to 33° C. 

* Time requirud for bleaching 


26 d&ys > 

9days - 



% 

* % 

Total bleached leaves 


32 

76 

(a) White bleached . . . . * 


11 

16 . • 

(6) Yellow bleached . . ^ . 


None 

60 

(c) Partially bleached . . 


21 . 

None 

Total rotting leavea 


68 

26 J 

(a) Rotting while green . , 


45 

: . 16 ' 

(6) Rotting after partial bleaching . . 


23 


'-'T. — 

— 


■ 

Ji^—Selevled 

narati leaves. 


> 


No. 1. 

N». 2. 

' No. 3. 


24 to 27^ C,, 

, 26^0 28° C. 

j 29no33°C. 

Time required for bleaching ' 

24 days ; 

18 days 

i 9 days 

i 

Total bleached leaves 

0/ 

/or ^ 

65 

' . 0/ 

/O 

68 

■ 

i ■ 0/ -• 

/o 

r 73 

(a) White bleached 

7 

•26 

1 31 

(6) Yellow bleached . . 

24 

32 

: 42 

(c) Partially bleached 

34* 

None 

1 None 

Total rotting leaves . . 

36 

42 

^ 27 

(a) Rotting while green 

IS 

15 

.. 8 

(6) Rotting after partial bleaching 

17 

27 

! 19 


i 


* A large number of these leaves shotted signs of rotting if further bleaching was atteqipted. 

* They would not have bleached if -kept longer. 

The result here is remarkable. By raising the temperature to 29° 
to 33°C. the leaves, uMally considered as unsuitable for bleaching, have 
given nearly as good r^ults as the junawan leaves so far as total bleaching 
is concerned, though the proportion of bleaching * yellow * is greater. Similar 
results have been obtained in' repeated trials, and it njay be taken that if the 
process be conducted at the higher temperature, a ipueh larger range of leaves 
may be used for the preparation of the bleached product than would otherwise 
be suitable. 

The linnts of temperature between 'Whick the bleaching prex^'is prwtic- 
able seem, in fact, fairly well defined/ We have never conducted a suooessful 
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‘ .bleAcidng below 21“^ to 25X1, with any kind of leaves, aithougk the leaves 
^ do Actually bleach slowly as low as 20X. The upper liniit seems to be 33°C. 
'for ordinary or navati leaves, and 34® to 35®C. for the best junawaii leaves. 
"W^h ^mvati (younger) leaves, even 33X. seeme^ a little tooingh. As the 
“^pper limit is approached, the operation become more rapid and regular, 
but above the point indicated the process will not work, practically, at all. 

When the leaves are nearly bleached, it also appeared that the tempera- 
ture should be lower than in the early stages. If such leaves are suddenly 
put into a chamber at 32®C,, they begm to turn yellow and then suddenly to 
etart fottmg. When such leaver .are kept at the erdin^" temperature (that 
is to say, from 25‘'C. to 26''C.), they remain in good condition without much 
loss m lustre or colour for a long period. 

The actual loss in keeping well-bleached leaves at 25® to 2h®C'. was tested 
with forty-five leaves, kept in an atmosphere nearly enough saturated to 
preyent drying. All were rotted after a month, and the progress of the decay 
is shown in the following table : — 



Number of Number of 

Days leaves leaves 

good rotting 

^ Percentage of 
! leaves 

rotting 

1 

Beginning 

, . i 45 


1 

After 15 days 

/ .. 1 30 

15 

; 33-3 

After 25 days 

*’ 1 

20 

1 44*4 

After 27 days ^ 

1 14 

31 

I 68-9 

After 29 days 


38 

I 84-4 

After 31 days 

. . j None 

45 

I lOO'O 

i 

So far we 
of the leaves 

have only considered the effect of temperature on the bleaching 
as judged by appearance. It has been previously indicated, 


however, that the process derives its value largely from the fact that, as“ usually 
conducted, it is accvmpanied by an increase in essential oil, and especially 
in the phenolic portion of the essential oil.. We have now to consider whether 
conducting 4he process at a temperature higher than that usual will lead to 
an equal increase in essential oil. --That is to say Are the change in colour 
and the increase m essential oil parts of one process,— or are they independent 
changes going on in the leaf ? In the fprmer case, the change in colour would 
be all we need aim at : in the latter it nught souietimes be an indication of the 
^highest quality of bleaching, and sometimes not. Experiments were under- 
taken to test this point. 
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At first a few'leavef only were kept under various bleaching oouditions, 
and the essential oil determined in each case from those which bleach^ In a 
more orless satisfactor}" manner. The results were as follows 


A, — Bazaar sample o_ 


Fresh green leaves 

Lwvvies bitched by usual luethud 

Leaves bleached at 110^ to ' f‘. . • 

Leases kept for bleaching below 

B^-Selecled sample' 


Fresh green leaves 
Leaves bleached by usual method . . 
-Leaves bleached at 110'’ to 32'' C. 
Leaves bleached at 32“ to 3o’ G. 


I jiinamn leaves. 

Essential oil 

Per cent, 

2-08 

, , 3*82 (grceniiih white). 

. . 2*64 (vpry thoroughly bleached). 

. . 1*72 (somewhat yellow). 

>/ junawan leaves. 

Essential Oil 

Per cent, 

/ .. 4-31 

. , 6*17 (yellowish white). 

..H 8’42 (white). 

, . 3*84 (yellow). . 


It seenied probable, therefore, that the process of bleaching and the 
production of essential oil were distinct processes, that the production of 
yellow leaves was not associated with an increase in essential oil while that 
of w^hite leaves was, and that if the temperature be increased too far, the 
essential oil does not increase at all. 

A larger lot of leaves was taken, under more normal bleachijig conditions 
than could be given in a small sample, and the effect on the essential oils 
determined. . 

A—Bazaat' smnple of junawan leaves. 

Essential Oil - 

Percent. 

Fresh green leaves .. .. .. .. 2*15 

Leaves bleached by usual method (at 27^ to 28° C.) . . 3-14 (greenish white). 

Leaves bleached at 30 to 34° C. , . . . . . '2'64 (very thoroughly bleached). 


B. —Selected sample of jumwan leaves. 

' 'Essential Oil 
Per cent. * 

Fresh green leaves .. .. . 4*58 

Leaves bleached by usual method (at 27° to 28° C.) ^ . 6-14 (greenish white). 

Leaves bleached at 30° to 34° C. .. .. . . 4'51 (very thoroughly bloached). 

At a temperature of 30° to 34°C., therefore, while the bleachid^ was 
excellent from a point (d view of appearance, there did not seem in this experi- 
ment to be the same increase in essential oil -as was obtained under the more 
usual conditions. This proves, we think, that the processes of change of colour^ 
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and of increase in essential oil are largely independent — but it is still a question 
whether the higher temperature causes less production of essential oil, or 
whether under the very thorough bleaching, usually obtained, it is first formed 
and afterwards disappears. 

That the latter is probably the case was indicated by an experiment yith 
ordinary m-vali leaves, in ^vhich the bleaching wa^ not allowed to go so far, 
and which gave the following results : 

Ordin ary nava l I karea. 

.^Essential Oil 
Per cent. 

Fresh greeo Ifeaves . . ... , . . . 1-36 

Leaves bleacheil by usual method (at 24"' to 27"" ( 1 ) . 2’83 (yellowish). 

Leaves bleached at 29° tc) 33 C. . . . . ^ . . 3*07 (yellowish white). 

Here the leaves bleached at the higher temperature are fully as. good as 
those bleached at 24° to 27°(\. but with them the process has not })een 
carried so far as in the cases preAUOUsIy given. 

The question of the relationship of the change in colour, and the increase 
in essential oil could, however, only be settled by followiitg. from day to dav, 
the grouijh of essential oil in a hAtch of bleaohiitg leaves, both under ordinary 
conditions and under conditions of higher temperature. This has been done 
with both ordinary and selected narafi leaves. 


A . -Or din ary n aval i lea res . 


(1) Bleached at 27° to 28T. 


Original leaves 
Leaves four days later 
Leaves six days later . . 

Leaves eight days later . , 

Leaves ten days later . , 

Leaves twelve days later . . 

Leaves fourteen days later 

(2) Bleached at 20° to 33°C.; 


Original leaves 
Leaves two days later 
Leaves four days later 
Leaves six days later 
Leaves eight days later 


E.'isential Oil 

Per cent. 

. 2*27 (green). 

. 2*67 (greenish). 

, 2*70 (greenif?li yellow). 

. 2*41 (greenish yellow). 

2*81 (greenish yellow). 
. 3*14 (yellowish white). 

. 2*47 (yellowish). 


E.ssential Oil 

Per cent. 

2*27 (green). 

. 2 *<^2 (greenish). 

. 3*09 (yellowish). 

. 2*99 (yellowish white). 

, 1 *83 (very thoroughly bicaclied). 
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Selected navati haves. , 

{\) Bleached at 27" to 28"^. 

Essential Oil 

Per cent, 

Original leaves . , . . . • 2 ’01 (green). 

Leaves two days later .. . . 2 '31 (green). 

Leaves four days later .. .. 2-36 (green). 

Leaves six days later . . . 2*44 (greenish). 

Leaves eight days later .. .. - 2*41 (greenish). 

Leaves ten days later . . . . , • • " 2*74 (gi^enish yellowish). 

Leaves twelve days later . . . . . . 2*46 (greenish yellowish). ' 

Leaves fourteen days later . . . . 2'62 (greenish yellow)' 

Leaves sixteen days later .. ,, 3*16 (greenish yellow). 

Leaves eighteen days later (average) . , . . 3*40 (yellowish white). 

Leaves eighteen days later (best bleached leaves, 
selected) . . . . . , 5.00 (yellowish white with gi'een 

^ tinge), 

(2) Bleached at 29" to 33"C. . * ' 

" Essential Oil 

Per cent. 

Original leaves ’ ^ . . , . . 2*01 (grech). - 

Leaves two days later ... .. 2*15 (greenish). 

Leaves four days later . . . . . . 2*88 (greenish yellow). 

Leaves Six days later (average) . . . . 3*17 (yellovish white). 

Leaves six days later (best bleached leaves, selected) 4*06 (yellowish white with green 

^ tinge). . 

Leaves eight days later .. .. ,. 2*00 (very thoroughly bleached). 

These figures shoAv in every case that the increase in essential oil is a 

continuous process, until the leaves reach a **yellowi8h white colour, with a 
tinge tif green. If they are bleached further than this the .amount of essential* 
oils rapidly declines again. If this fact he taken into account the bleaching at 
a higher temperature gives almost, if not quite, as large an increase in. essential 
oiUas in the process as usually carried out — but the danger^of over-bleaching 
in this case is considerably greater. 

The process and its results, as conducted at a. higher temperature, have 
been shown to some of the tambolis, who have highly approved of the resulting 
leaf, and of the reduced amount of rotting th^is obtamed. It rema^, horvever, 
.to devise ah apparatus in consultation wuth the tamJ)olis, w*hich they can use 
in practice, in order yield equally good results, and thia will he the next 
step in bringing the results here indicated into use by the manufacturers of 
bleached betel vine leaves, 

In the meantiihe, our results seem^ to*provb.. 

(1) that the i)leaching of beteT vine leaf can only be canied out in the 
absence of light. Under white Tight little or no normal bleachihg* takes 
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place. Both red and blue lights are injurious, the former much more so 
than the latter ; 

(2) the atmosphere under which bleaching is conducted must be sufficiently 
saturated to prevent the slightest drying of the leaves— as drying is always 
followed by rotting. Greater saturation than is required to keep the leaves 
from drying leads, however, to increase in the rotting ; 

(3) the bleaching process can be carried on much more rapidly and evenly 
if the temperature be increased to 29"^ to 33°C. A temperature higher thaii 
35°C. (or less with iiavati leaves) is fatal and yields no bleached leaves— 
and a temperature lower than 24®C, is equally useless ; 

(4) bleaching at a higher temperature (29° to 33°C.) if checked at the 
proper point, leads to almost as great an increase in essential oil as if the 
bleaching is done at the ordinary temperature, as is usual— and as it gives 
less loss from rotting of the leaves, and can be carried on more rapidly, it has 
very considerable advantages. Nearly the same results can be obtained in 
six days as require sixteen days by the more usual process ; 

(q) if bleaching is carried on beyond the stage when the leaves are yellowish 
white, \he amount of essential oU rapidly declines, and hence the leaves should 
be removed at this stage. As the rapidity of the process is greater there 
is more danger of such over-bleaching when it is conducted at a higher 
temperature as here suggested ; 

(6) it only now remains to devise an apparatus which the tamboUs, vho 
prepare the bleached leaves, can use. and this is now being done. 

CONCLUSION. 

Such are the results which we have now obtained, have sho^^u tlie 
character of the leaf w^hich is required for chewing, and have found more 
clearly than ever that it is the quantity, and also the character, of the essentia 1 
oil^'which seems most largely to determine the value of any sample of betel- 
vino leaf for this purpose. This being proved, the way is open for an attempt 
to discover what modification in the growing conditions will affect the amount 
and character of the essential oil in the desired direction and this will be the 
next line of investigation as regards the cultivation of the vine. 

The essential oil itself, however, is not always the same. It consists of 
a mixture of certain phenols and of certain terpene-like constituents. As far 
as the phenols are concerned , eugenol is always the chief constituent in Indian 
oils, mixed with a small quantity of betel phenol. We have never found 
chavicol in Indian oils. The best essential oil, from a point of view of public 
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taste, is that which contains as large a proportion of phenols as possible. 
Those varieties of leaf which gives an essential oil containing much terpene 
are very pungent, but are looked upon as very coarse. Bleaching not only 
increases the amount of essential oil in the leaf, but also increases the 
proportion of phenols in the essential oil. The nature of the terpene-like 
constituents is still unknown but wil be investigated, at the first opportunity. 

Bleaching of the leaf must be carried out in the dark, and can be most 
successfully accomplished at a higher temperature than is usual, say between 
29^^ to 33®C. -with.much less loss, ^ in much shorter time, and with a much more 
evenly bleached leaf than is usual. If over-bleaching is avoided, the increase 
in essential oil is nearly equal to that obtained in the ordinary process. The 
best means for carrying out this improved method in practice is now under 
investigation. 


Poona, 
October, 1915 , 
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Proceedings of the Board of Agriculture in India, held at Coimbatore on th^ 8th December 1919 
and following days {with Appendices). Price, R, 1-2 or Is. 9d. 

Procee lingK of the Board of Agriculture in Incia hel i at Pusa on the 7th February 1916 and 
following days (with Appendices). { In the ) 

Proceedings of the Inter- Provincial Jute Conference held at Calcutta from the 2nd to 4th 
August, 1915 (with Appendices). Price, As. 0 or 7rf. 

Standard Curriculum for Provincial Agricultural Colleges as recommended by the Board of 
Agi-iculture, 1908. Price, As. 4 or od. 

The Agricultural Journal of /ndia.— A Quarterly Journal dealing with subjects connected with 
agricultural economics, field and gardeti crops, economic plants and fruits, soils, manures, 
methods of cultivation, irrigation, climatic conditions, insect pests, fungus diseases, co-opera- 
tive credit, agricultural cattle, farm implements and other agricultni-al matters in India. 
Illustrations including coloured plates form a prominent feature of the Journal. It is 
edited by the Agricultural Adviser to the Government of India, with the assistance 
of the Staff of the Pusa Agricultural Research Institute. Annwol ruftrcripfion, 6 or 
8s. 6d., including postage. Single copy, Ra. 2 or .S shillings. 


Memoirs of the Department of Agriculture in India are 
issued from time to time as matter is available, in separate series, 
such as Chemistry, Botany, Entomology, and the like. 
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Studies in Root- Parasitism. The Haustorium of Santalum album ~ 
Part I.— Early Stages, up to Penetration, by (J. A. Barber, m.a.. t.l r. 
Price, R. 1. {Out ofp7'int ) 

Part II.— Ibe Structure of the Mature Haustorium and the Inter-relations 
between Host and Parasite, by C. A, Barber, m.a., F.I..8. Price Rs. 3 
{Out of print) ' 

Indian Wheat Rusts, by E, J. Butler, m.b., f.l.8. : and J. M. Hayman 
DV, s. Price, Rs. 3. {Out of print,) ’ 

Fungus Diseases of Sugarcane in Bengal, by E. J. Butler, m.b, flb 
P rice, Ra. 3. {Out of print.) 

Gossypium obtusifolium, RoThnrgh, by I, H. Bukkill, m.a. Price, R, 1, 

An Account of the Genus Pythium and some Chytridiacea, by E, J, Butlrr 
M.B., F.I.S. Price, Rs. 4-S. ' 

Cephaleuros virescem, Kunze ; The Red Rust of Tea, by HaROLU H. Makr 
D.8C. ; and C, M. Hutchinson, b.a. Price, Rs. 4. {Out of print.) 

Some Diseases of Cereals caused by Scleroepora graminicola, by E J 
Butler, m.b., p,l.s. Price, R. 1-8. 

The Indian Cottons, by G. A. Gammie, f.L.s. Price, Rs. 7-8. [Out of print.) 

Note on a Toxic Substance excreted by the Roots of Plants, bv 
F. Fletcher, m.a., b.sc. Price, R. 1-8. 

Studies in Root- Parasitism. III.— The Haustorium of Ollaa scandent, by 
C. A. Barber, m.a.. f.l.r. Price. Rs, 2-8. 

Studies in Root-Parasitism. IV.— The Haustorium of Conip>o by 

C. A. Barber, m.a., f.l.&. Price, Rb. 2-8. [Out of print.) ’ 

Some Experiments in the Hybridizing of Indian Cottons, by P. F. Fyson. 
B,A., F.L.B. Price, R. 1-8. {Out of print.) 

The Varietal Characters of Indian Wheats, by ALBERT Howard, m.a. 
A.R.c.a,, F.L.B.; and Gabrielle L. C. Howard, m.a. Price, R. l! 
ofpi'int.) 

Mulberry Disease caused by Coryneum mori, Nom., in Kashmir, with 
Notes on other Mulberry Diseases, by E, J, Butler, m.b., p.l.s. Price 
R. 1-8. {Out of print) 

The Will Disease of Pigeon -Pea and the Parasitism of Nsoeomospora 
vatinfecta. Smith, by B. J. Butler, m.b., f.l.s. Price, Rs. 3, 
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Vol, III, No. I. Studies in, Indian Tobaccos. No. 1.— The Types of iVico^iana rustica, 
L., Yellow Flowered Tobacco, by Albert Howard, m.a., a.r.c.b., f.l.8. ; 
and Gabrirllb L. C. Howard, m.a. Price, Rs, 4. 

Vol. Ill, No. ll. Studies in Indian Tobaccos, No. 2. -The Types of Nicotiana (abacnrn, 
L., by Albert Howard, m.a., A.K.r.a., f.l.s. ; and Gabrielle Fj. C. 
Howard, m.a. Price, Rs. 9, 

Vol, 111, No, III. Studies in Indian Fibre Plants. No. 1.— On two varieties of Sann. 

Orotataria juncm, L., by Albert Howard, m.a,, a.r.c.8., f,l.s. ; and 
Gabrikllk [-. C. Howard, m.a. Price, R. 1. 

Vol HI No. IV. The Influence of the Environment on the Milling and Baking Qualities of 
Wheat in India. No. L— The Experiments of 1907-08 and 1908-99, bj 
Albert Howard, M.A., A. K.C.S., f.l.s. ; H. M. Leake, m.a., f.l.s. ; and 
Gabrielle L. C. Howard, m.a. Price, R, LS. 

Vol. Ill, No. V. The Bud-Kot of Palms in India, by E. J. Butler, m.b., f.l.s. 
Price, Rs. 2. 

Vol. Ill No. VI. The Economic Signihcance of Natural Cross-fertilization in India, by Albert 
Howard, m.a., a.r.c.s,, Gabrielle L. C. Howard, m.a. ; and 

Ahdur Rahman Khan. Price, Rs. 4-8. 

Vol. IV, No. I. Milletfl of the Genus in the Bombay Presidency and .Sind, by 

G. A. GamMIE, F.L.S. Price, R. 1. 

V^ol. IV No. II. Studies in Indian Fibre Plants. No. 2.— On Some New Varieties of 

cannabinus, L., and Hibis(^us Sabdariffa, L., by Albert Howard, 
\i.a., a.r.c.s., f.l.s.; and Gabrielle L. C. Howard, m.a. Price, Rs. 3. 

Vol IV No III Notes on the Incidence and Effect of Sterility and of Cross-fertilization in 
the Indian Cottons, by H. M. Leake, m.a., f.l.s. ; and Ram Prasad. 
Price. R. 1, 

Vol IV No IV The Inheritance of Red Colour and the regularity of aelf-fertili- 
za,tion in Corchorm capsuiaris, L,, the common Jute Plant, by I. U. 
BuKKiLL, M.A.; and R. S. Fini.ow, b.sc. Price, R. 1. 

Vol. 1\^ No. V. Observations on Certain Extra-Indian Asiatic Cottons, by H. M. Leake, 
' M.A., F.L.S. ; and Ram Prasad. Price, R. l-o- 

Vol. IV, No. VI. The Morphology and Parasitism of Khizodotiia, by F. J. F, Shaw, b.sc., 
a.r.c.s , F.L.S. Price, Rs. 2. 


Vol. V, No. 1. 
Vol. V, No. IL 


On the Inheritance of some Characters in Wheat, T, by A. Howard, m.a., 
a.r.c.s., F.L.S, ; and Gabrielle L. C. Howard, m.a. Price, R. 1. 

The Influence of the Environment on the Milling and Baking Qualities 
of Wheat in India. No. 2.— The Experiments of 1909-10 and 1910-11, by 
A Howard, m.a., a,k.c,s,, f.l.s. ; H. M. Leake, m.a., f.l.s. : and 
Gabrielle L. C. Howard, m.a. Price, R. 1. 


, No, VIII 


The Varieties of Soy Beans found in Bengal, Bihar and Orissa, and their 
Commercial possibilities, by E. d. Woodhouse, m.a.; and C. S. Taylor, 
b.a. Price, Hs. 2. 

On Phytophthora parantica nov. spec. A new Disease of the Castor Oil 
Plant, by J. F. Dastur, b.sc. Price, Rs. 2. 

Studies in Peronosporacea, by E- J Butler, m.b., f.l.s.; and G. S. 
Kulkarni, L-ig, Price, Rs. 2, 

Notes on Pollination and Cross-fertilization in the common Rice 
Plant, Onjza saliva, Linn., by G. P, Hector, m.a., b.sc. Price, K. 1. 
ASclerotial Disease of Bice, by F. J. F. Shaw, b.sc.. a.r.c.s., f.l.s. 
Price, R. L 

qtndies in Indian Tobaccos. No- 3 -The Inbetitance of Characters in 
yUodana tabacum, L., by GABRIELLE L. C. Howard, m.a. Price, Ks. d. 
Studies in Indian Cottons, Part I.-The Vegetatke Characters, by H. M. 

Leake. m-A., f.l s. ; and Ram Prasad, Price, Rs. d-8. 

The Red Rot of Sugarcane, by E. J. BUTLER, M.B., F,L.S. ; and A. Hafiz 
KHAN. Price, R. 1. 

Some New Sugarcane Diseases, by E. J. Butleb. m.b., F.L.S.; and 

A. Hafiz khan- Price, Rs. 2. 

Preliminary Note on the Classification of Rice in the Central Provinces, by 
R. J. D. Graham, m.a., b.sc Price, K- 1*8. 

' The Influence of the Environment on the Milling and Baking Qualities 
' ^ of Wheat in India. No. 3.— The Experiments of 1911-12, by A. Howard, 
cjIVm A ; Leake, m.a. ; and Gabrielle L. C. Howard, m.a. 

Price, R. 1 or Is. 
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Vol. VII, No. I. Studies in liidiao Sugarcanes, No. 1, Punjab canea, by C. A- Babbek, 9o.d, 
Price, Rs. 3-8 or 5». fti. 

Vol. VII, No, II. The Distinguishing Characters of Sugarcanea cultivated at Sabour, by 
E. X WooDHOUSK, M.A. ;and S. K. Basd;, M-A.; with ^ note on the 
chemical characters by 0. S. Taylor, b.a. Price, B, 1-8 or 2*. 6d. 
Vol. VIT, No. III. The Potato Blight in India, by J. F. Dastur, c.8c- Price, R. 1 or Is. tW. 

Vol. VII, No. IV. The Genus Bhhoctonia in India, by F. J. SHAW, B.Bc. ; and S. L. 
Ajrekar, B.A. Price, 11. 1 or Is. 6d. 

Vol. VII, No V. Experiments on the Physiology of Indigo-yielding Giiicoaides, by F. R. 
Parnell, B.A. Price, R. lor 1a. 6d. 

Vol. VII, No. VI. Some Varieties of Indian Gram, C7tCAr arietinum, L , by A. Howabd, c.I.B., 
M.A. ; GabbiblleL C. Howard, m.a. ; and Abdur Rahman Khan. 
Price, R. 1 or 1a. tki. 

Vol. VII, No. VII. Studies in Indian Oii Seeds, No. 1, Safflower and Mustard, by A. Howard, 
O.I.E., M.A. ; Gabrielle L. C. Howard, m.a ; and Abuub Rahman 
' ■ .Kuan. Price, R. 1-8 or 2s. 6ti. 

Vol. VII, No. VIII. On the Inheritance of some Characters in Wheat, II, by A. Howard, C.I.E., 
‘ M.A. ; and Gabrielle L. C. Howard, m,a. Price, R. 18 or 2 a. 6d. 

Vol. VIII, No. I. The Wheats of Baluchistan, Khorasan and the Kurram Valley, by 
Gabrielle L. C. Howakd, m.a. {Intheprm.) 

Vol. VIII, No. II. Observations of the Inheritance of Anthocyan Pigment in Paddy Varieties, 
by G. P. Hector, m.a , b.sc. (/n (/i« jumi.) 

Vol. VIII No. HI. Studies in Indian Sugai canes No, 2 Sugarcane Seedlings, including 
• 8on)e correlations between Morphological Characters an 1 Sucrose in 

the juice, by C A. Barber, sc. o. ‘ Un 

Vol. VIII, No. IV. Pollination and Cross fertilization in the ./Mar' plant, by B. J. D, 
Graham, M.I., B.sc. {In the press). 


CHEMICAL SERIES. 

V«l, I, No. 1. The Coiupoaitioii of Indian Rain and Dow, by J, Walter LeaiUKR, 
Ph.D., F.I.C. Price, K, 1. 

Vol. I, No. U, The Composition <if the Oil-Seeds of India, by J. Walter Leather, rIi.m., 
F.i.c. Price, 11. 1. {,Oui of print.) 

Vol. I, No. in. The Pot-Culture House at tlie Agricultural Research Institute, Pusa, by 
J. Walter Leather, pH.d., f.i.c. Price, Rs. S. 

Vol. I, No. IV. Experiments outlie Availability of Phosphates and Potash in Soils, by 
J. Walter Leather, ph.n., f.i.c. Price. R. 1-8. 

W-o]. I, No. V. The Construction of Drain Ganges at Pusa, by M. H, Aknott, M.inst.u.E., 
with a Preface by J, Walter Leather, ph.D., f.i.c. Price, Ra. 3. 
{Out ofpiHnt.) 

Vol. I, No. VI. The Loss of Water from Soil dining Dry Weather, by J. Wai.TER 
Leathxk, ph.D., F.I.C, Price, Rs. 2. {Out o/pji«<.) 

Vol. 1, No. VII. The System Water, Calcium Carbonate, Carbonic Acid, by J. Waltef, 
Leather, ph.n.. f.i.c. ; and Jatindra Nath Sen. m.a. Price, R. 1. 

Vol. 1, No. VIII. Water Requirements of Crops in India, by J. Walter Leather, ph.b., 
F.LC. Price, Rs, S. 

*Vol. I, No. IX. The Nature of the Colour of Black Cotton Soil, by H. B. Annett, B.sc. 
Price. K 1. 

Vol. I, No. X. Water Requirements of Crops in India— II, by J. Walter Leather, 
Ph.n., F.I.C. Price, Ps. 2-S. 

Vol. IT, No. I, The Composition of the Milk of some Breeds of Indian Cows and Buffaloes 
and its Variations, Part 1. The milk of some breeds of Indian cows, by 
A, A. Mbooitt, b.sc ; and H. H. Mann, d.sc. Price, R. 1-8, 

Vol. II, No. 11. Records of Drainage in India, by J. Walter Leather, ph.n., f.i.c. 
Price, R. 1. 

Vol. II, No. III. The Bab System of Rice Cultivation in Western India, by H.’H. Mank, 
D.sc.; N. V. JosHi, K.A., B.SC., L.Ag. ; and N. V. Kanitkar, B.Ag. 
Price, R. 1. 

Vol. II, No. IV. The Composition of the Milk of some Breeds of Indian Cows and Buffaloes 
and its Variations, Pu t IT. The milk of some breeds of Indian buffaloes, 
by A. A. Mkooitt. b.sc. ; and H. H. Mank, n.8c. Price, R. 1-8. 

Vol. 11, No. V. A contribution to the knowledge of the Black Cotton Soils of India, 
by W. H. Harrison, m.sc. ; and M. R. Ramswamy Si van, b.a. 
Price. R. 1. 

Vol. II, No, V2. The Date Sugar Industry in Bengal, an investigation into its Chemistry 
and Agriculture, by H. E. Annett, b.ac., assisted by G. K. Lble, 
L.Ag. : and Bhailal M. Amin, b.a Price, Rs. S. 
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Evaporation from a Plain Water Surface, by ,I Walteh Lkathbh, Ph.D 
F.I.C. Price, R. 1. 

Studies in the Chemistry and Physiology of the Leaves of the Betel-vine 
{Piper Belle) and of the Commercial Bleaching of Betel-vine Leaves 
by H. H. Mann, D.sc. ; D. L. Sahasrabuddhk, b.sc., L-Ag. ; and 
V. G. Patwardhan, B.Ag. Price, K. L8. 

The Gasee of Swamp Rice Soils, Their composition and relationship to 
the crop, by W, H. HarkISON, m.sc. ; and P. A. Su bra mania Aiyer, 
B.A, Price, R. 1-8. 

The Experimental Error in Sampling Sugarcane, by J. Walter Leather, 
Pb.D„ F.RC, Price, R. 1. 

The Fractional Liquefaction of Rice Starch, by F. J. Wakth, m.sc. ; and 
D, B. Dababsett, b,sc. Price, R. 1. 

The Yield and Composition of the Milk of the Montgomery herd at Pusa 
and Errors in Milk Tests, by J. Walter Leather, ph.D., f.i.c. ; 
and A, C. Dobbs. Price, !<• 1 or is. Sd. 

The System Potassium Nitriite, Sodium Chloride, Water, by J. Waltep. 
Leather, ph.D.. f.i.c.; and Jatindra Hath Mukerjkk, b.a., b.sc. 
Price, R. 1 or U- 6d 

The Systems— (A) Water, Magnesium Carbonate, and Carbonic Aciu, (B) 
Water, Calcium Carbonate, Magnesium Carbonate and Carbonic 
Acid, by J. Walter Leather, ph.D., f.i c. ; and Jatindra Nath Sen, 
M.A. Price, R. 1 or Is. 6d. 

Studies of an Acid Soil in Assam, by A. A. Meggitt, b.Sc. Price, 
R, 1-8 or 2a. 6d. 

The Gases of Swamp Rice Soils, Part II. Their utilization for the 
Aeration of the Roots of the Crop, by W. H Harrison, m.sc.; and P. A. 
SUBRAMAKIA AlYER, B.A. Price, R. 1 or Is. 6d. 

Soil Temperatures, by J. Walter Leather, V.D., F.I.C. Price, Rs. 2 or 

Soil Gases, by J. Walter Leather, v.d., f.lc. Price, R. 1-8 or 2s. 6d. 

The Gases of Swamp Rice Soils, Part III. A Hydrogen-oxidizing 
Bacterium from these soils, by W. H. Harrison, d.sc. ; and P. A. 
Sueramania Aiyer, b.a. Price. As. 12 or D. 

Some factors affecting the cocking of Dholl (Cajanus tndicwj) by 
B. Viswanath;T Lakshmana Row, B.A.;and P. A. Raghcnath- 
8WAMI Ayyangar, d.a. Price, R. I or 1#. dd. 

The Insects attacking Stored Wheat in the Punjab and the methods of 
combating them (including a chapter on the Chemistry of Respiration) by 
J. H. Barnes, b.sc., f.i.c. ; and A. J. Grove, m.sc. {In the press.) 

Studies in the Chemistry and Physiology of the Leaves of the Betel-vine 
{Piper Belle) and of the Commercial Bleaching of Be tel -vine Leaves 
Part II, by H. H. Mann, d.sc.. and V. G. Patwardhan, B.Ag. 
Price, Re. 1 or U, 6 /. 

The Gases of Swamp Rice Soils, Part IV. The source of the Gaseous 
Soil Nitrogen by W. H. Habrison, d. Sc., and P. A. Scbramania 
Aiyer, b*a* {In the press.) 
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The Bombay Locuat— A Report on the investigations of 1903-04, by H. 

M, Lefhoy, M.A., f.k.s., f.z.s. Price, Rs. 2-b. 

The more Important Insects injurious to Indian Agriculture, by H. 

M. Lbproy, M.A., F.E.S,, F.Z.S. Price, Rs. 3. {Oul of print.) 

Tire Indian Surface Caterpillars of the Genua Agrotis, by H. M. I.ekkoy, 
M.A., F.E.S., F.Z.S.; ami C. C. Ghosh, b.a. Price, U. 1-8. (Out of print.) 
Individual and Seasonal Variations in Helopeltis iheivora, Waterhouse, 
with description of anew species of Helopeltis, by Harold H. Mann, 
DJ3c. Price, R. 1-8. 

The OoccidrB attacking the Tea Plant in India and Ceylon, by E. E. Gkkkn, 
F.B.8., F.Z.S. ; and Harold H. Mann, d.sc. Price, R. 1. {Out o/ print.) 
The Mustard Sawfiy, by H. M. Lbfroy, m.a., f.k.s., f.z.s. ; and C. C. 

Ghosh, b.a. Price, 11. 1. (Out o/prinl.) 

The Rice Bug, by H. M. Lefroy, m.a., f.e.s., f.z.s. Price, R. I 
Reroaika on Indian Scale Insects {Coccides)^ Part HI, by E. E. Green, 
p.B.S,, F.Z.8. Prioe, R. 1-8, 
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The Red Cotton Bug, by H. M. Lbfboy, M.A., r.B.S., F.Z.8. Price, R. 1 
{Out of print.) 

The Oastor Semi-Looper, by H. M. Lbproy, m.a., f,b.s,, r,z,s. Price, Ka. 2. 
{Out o/pjint.) 

The Tobacco Caterpillar, by H. M. LePROY,M.a., P.B.S., K.z.s. Price, R. 1*S. 
(Owt of print.) 

The Cotton lieaf-Koller, by H. M. Lefroy, m.a., F.b.s., p.z.8. Price, R. 1*8, 
{Out of pi'ini.) 

Notes on Indian Scale Insects { Coocutc ^), by H. Maxwell Lefroy, m.a., 
F.E.S., F.Z.8. Price, U. 1-8. {Out oj print,) 

Life-Histories of Indian Insects— I. [Cohoptwa), by H. Maxwell Lefroy, 
M.A., F.E.S., F.z.s. Price, Rs. 2. 

Life-Histories of Indian Insects-II, Some Aquatic jRAyncAoio and 
Cokoptera, by D. Nowhojbb, b.a. Price, R. 1-8. 

Life-Histories of Indian Insects— III. The Rhinoceros Beetle (Otyclea 
rhinoceros) and the Red or Palm Weevil (BAyncAouAorMj ferruaineus], 
by C. C. Ghosh, B.A. Price, Rs. 2. 

The Food of Birds in India, by C- W. Mason, m.s.e.a.o., edited by 
H. Maxwell Lefboy, m.a., f.e.8., f.z.s. Price, Rs. 7-8. 

Eri Silk, by H. Maxwell Lefroy, m.a., f.b.s,, f.z.s. ; and C. C. Ghosh, 
B.A. Price, Rs. o. 

Tetri gi use (dcndti«<:p) in the Agricultural Research Institute, Pusa, Bihar, 
-with descriptions of new species, by J. L. Hancock, f.e.8, Price, B- 1. 
The Big Brown Cricket {Bracfiytrypes achat inus. Stoll}, by C. C. Ghosh 
B.A. Price, U. 1. 

Life-Histories of Indian Insects— IV. {Symenoptera)^ by 0. U. DuTX, 
B.A. Price, Rs. 2. 

Inquiry into the Insecticidal Action of some Mineral and other Compounds 
on Caterpillars, by H. MAXWELL Lefroy, M.A., r.E.8., F.Z.S-; and K. S. 
Kinlow, B.8C. Price, R. 1-8. 

The “Psylla” disease of Indigo, by A. J. Grove, M.sc. ; and C. C. 
Ghosh, b.a. Price, U. 1-S or 2r. 6d. 

Life-Histories of Indian Insects — V. {Lepidoptera), by C' C- Ghosh, b.a. 
Price, Rs. 2-8 or 3*. 9d. 
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Studies in Bacteriological Analysis of Indian Soils, No. 1, 1910-U, by 
C. M. Hutchinson, B.A. Price, Rs. 2-8. 

Rangpnr Tobacco Wilt, by C. M. HqTCHiNSOK, B.A. Price, Rs. 2. 
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